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Abstract
It is w ell estab lished tha t patients w ith  sch izophren ia  exhib it a w ide range o f 
defic its  in sensory and cognitive  processing. N europhysio log ica l m echanism s 
underly ing these abnorm alities are also im paired in patients w ith  schizophrenia, 
as w ell as in firs t episode and prodrom al patients and in unaffected fam ily 
re latives. R ecent evidence has docum ented  the presence o f psychotic-like  
experiences (PLEs) and o ther risk facto rs  fo r psychosis in the general 
population (Ke lleher and C annon, 2011; Van Os et al, 2000). A do lescence is a 
critical tim e period that is m arked by an increased vu lnerab ility  fo r the 
d eve lopm ent o f psychopatho logy, particu larly  psychosis (Poulton et al, 2000). 
R esearch has docum ented a re la tionship  between the onse t o f psychotic 
sym ptom s in ado lescence and the deve lopm ent o f a psychotic  d isorder in 
adu lthood (Poulton et al, 2000). Therefore , this group can be conceptualised as 
an a t-risk group fo r psychosis.
Th is  thesis exam ined neural co rre la tes o f sensory and cognitive 
processing  in ado lescents w ith PLEs from  the genera l population. Using the 
even t-re la ted  potentia l techn ique  (ERP), we com pared adolescents with PLEs 
to a group o f age m atched contro ls on tasks o f aud ito ry change detection, 
response inhibition, receptive language and sem antic  com prehension. The 
ado lescents w ith PLEs w ere  characte rised  by reductions in m ism atch negativity 
(M M N ) and P300 am plitude on tasks o f aud ito ry d iscrim ination and language 
com prehension. In com parison to the controls, the ado lescents with PLEs 
d isp layed delayed la tency on the  P300 com ponent and pro longed latency on 
the N400 com ponent on tasks o f response inhibition and language 
com prehension, respective ly. The  abnorm alities observed in these tasks were
eviden t ove r fronta l regions, w h ich  suggested  possib le  evidence o f early fron ta l 
dysfunction  in th is a t-risk group. Evidence o f im paired neurophysiolog ica l 
activ ity  in ado lescents  w ith  PLEs provides im portant in form ation regarding risk 
fo r psychosis  a t the level o f the genera l population.
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Chapter I
L i t e r a t u r e  R e v i e w
This chapter describes the sym ptom  d im ensions o f schizophrenia and the 
epidem iological factors relating to risk fo r a psychotic disorder. The diagnostic 
criteria fo r schizophrenia are outlined followed by a brie f overview o f the cognitive 
dom ains that will be assessed w ith event-re lated potentials in later chapters o f the 
thesis. Subsequently, the research on event-related potentials in schizophrenia is 
described in term s o f early sensory com ponents and h igher order cognitive 
com ponents. The neuroanatom ical abnorm alities evident in schizophrenia are 
d iscussed in relation to structural and functional im pairments. Details of 
environm ental and neurodevelopm ental risk factors are followed by an outline of 
the early and late neurodevelopm ental m odels o f schizophrenia. Consequently, the 
psychosis continuum  model then describes the existence o f psychotic symptoms 
on a continuum  and the potential to identify individuals who are a t-risk for 
developing a psychotic disorder. P rior to the onset o f the first psychotic episode, 
the m ajority of individuals w ho develop psychosis go through a prodromal stage. 
The criteria to m eet prodrom al status are described that define individuals as being 
at ultra high-risk fo r psychosis. As the continuum  model also includes individuals 
from  the general population reporting PLEs, the research identifying risk factors for 
schizophrenia in the adult and adolescent general population is described.
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1.1 P s y c h o tic  D iso rd e rs  &  S ch iz o p h re n ia
1.1.1 Prevalence & Epidemiological Factors
A  psychotic d isorder is characterised by the presence o f hallucinations, delusions, 
thought or speech disorder, or bizarre affect that is accom panied by a severe 
disruption o f reality testing (Altman e t al, 1997). Schizophrenia is the m ost common 
psychotic disorder, and is described as a heterogeneous syndrom e that usually 
m anifests in adolescence or early adulthood with the onset o f psychotic symptoms 
(Maki e t al, 2005). The lifetime prevalence o f schizophrenia is approxim ately 1%, 
ranging from  0.5% to 1.5% depending on ethnicity, and the risk o f developing this 
d isorder is h igher in men than in wom en (Aleman et al, 2003; Cannon and Jones,
1996). The onset o f schizophrenia is influenced by both environm ental and genetic 
factors. H igher incidence rates o f schizophrenia are associated w ith urbanicity 
(Am addeo and Tansella, 2006), m igration (Fearon et al, 2006), and lower socio­
econom ic status (Saha et al, 2005). G enetic factors account fo r 80%  of the liability 
for schizophrenia, m aking it a highly heritable d isorder (Tandon e t al, 2008a; 
Cardno et al, 1999; Cannon et al, 1998). The concordance rate fo r schizophrenia is 
48%  in m onozygotic twins, 17% in dyzygotic twins, 17% in those with a parent with 
schizophrenia and 9-18%  in first degree relatives (Kendler e t al, 1993; Gottesman, 
1991). W hile the lifetim e prevalence o f the disorder is 1%, the presence of 
psychotic sym ptom s in the general population is much higher, w ith van Os and 
colleagues (2000) reporting prevalence rates of between 5 and 8%.
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The word ‘schizophrenia ’ literally m eans ‘split m ind’ , although it is commonly 
m isinterpreted as 'split personality’. Eugen B leuler (1911) coined the term 
‘sch izophrenia ’ to re fe rto  a break in reality caused by disorganization o f thoughts 
and affect (Carlson e t al, 2004). The onset o f schizophrenia is typically preceded 
by a prodrom al period (Lieberm an et al, 2001). However, not all patients with 
schizophrenia experience prodromal sym ptom s. Sym ptom s have traditionally been 
categorised in two ways; 1) positive sym ptom s which encom pass hallucinations 
and delusions, and 2) negative sym ptom s which include lack o f goal-directed 
behaviour, fla t affect, poverty o f speech and social w ithdrawal (van Os and Kapur,
2009). Positive sym ptom s represent excesses and distortions in behaviour. It is 
this sym ptom  dim ension that is specifically associated with a la ter d iagnosis of 
psychotic disorder.
According to the D iagnostic and Statistical Manual fo r Mental D isorders-4th 
edition-Text Revision (DSM -IV-TR) (2000), hallucinations are “sensory perceptions 
that have a com pelling sense of reality o f a true perception, but occur w ithout 
external stim ulation o f the relevant sensory organ” . Hallucinations can occur in any 
modality, but the m ost com m on are auditory with 75% of patients with 
schizophrenia experiencing such hallucinations (Choong et al, 2007). Auditory 
hallucinations can occur in a range o f form s from  hearing your thoughts aloud 
(“Gedankenlautwerden” or "Echo de la Pensée’), hearing music, commands, 
running com m entary or conversing voices. Delusions are beliefs that are held with 
conviction and are contrary to reality, in spite o f contradictory evidence (Kring et al,
2000). Delusions can take various form s such as delusions o f persecution which
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are fa lse beliefs tha t others are conspiring or plotting against the individual 
(Carlson et al, 2004). Delusions of grandiosity are the exaggerated beliefs in the 
individual’s im portance and special abilities; and delusions o f control include beliefs 
o f being controlled by external forces (Kring et al, 2000). Delusions of reference 
occur w hen irrelevant inform ation becom es personally significant, e.g. the 
television/radio is speaking d irectly to you. Due to the pervasive deficits, the young 
age at onset and the chronic course o f illness, schizophrenia is one o f the main 
causes o f disease-related disability in the world resulting in poor social and 
occupational functioning (Tandon et al, 2008b; M urray and Lopez, 1996). Mortality 
rates are also much h igher than in the average population due to suicide, lack of 
access to medical care, substance abuse and poor d ie t and smoking leading to 
obesity, card iovascular disease and cancer (van Os and Kapur, 2009; Tandon et 
al, 2008b; Leucht et al, 2007; Newcom er and Hennekens, 2007).
1.2. D ia g n o s in g  S c h iz o p h re n ia
1.2.1. Diagnostic Criteria for Schizophrenia
At present, a diagnosis o f schizophrenia is warranted when the following criteria 
are met: A) at least two characteristic psychotic sym ptom s that are present for a 
s ignificant period of tim e during one month. These sym ptom s include "delusions, 
hallucinations, d isorganized speech (including derailm ent or incoherence), grossly 
d isorganized or cata tonic behaviour, or negative sym ptom s (i.e. flat affect, alogia, 
avolition)” (Am erican Psychiatric Association, 2000). "Only one sym ptom  is 
required if delusions are bizarre or hallucinations consist o f a voice keeping a 
running com m entary on the person's behaviour or thoughts, or two or more voices
conversing” (Am erican Psychiatric Association, 2000). B) “Since the onset one or 
m ore m ajor areas o f functioning such as work, interpersonal relations, or self-care 
are m arkedly below the level achieved prior to the onset o f the disturbance, (or 
when the onset is in childhood or adolescence, failure to achieve expected level of 
interpersonal, academ ic, or occupational achievem ent)” (Am erican Psychiatric 
Association, 2000). C) C ontinuous signs o f disturbance m ust be evident fo r at least 
six m onths and m ust include an active phase o f sym ptom s m eeting Criteria A  fo r at 
least one month, (unless sym ptom s have been successfully treated) and may 
include a prodrom al or residual phase (Am erican Psychiatric Association, 2000). 
“During these prodrom al or residual periods, the signs o f the disturbance may be 
m anifested by only negative sym ptom s or two or m ore sym ptom s listed in Criterion 
A  present in an attenuated form (e.g., odd beliefs, unusual perceptual 
experiences)” (Am erican Psychiatric Association, 2000). D) “Schizoaffective 
D isorder and Mood D isorder with psychotic features have been ruled out because 
e ither (1) no M ajor Depressive, Manic, or M ixed Episodes have occurred 
concurrently with the active phase sym ptom s; or (2) if mood episodes have 
occurred during active-phase sym ptom s, the ir total duration has been brief relative 
to the duration o f the active and residual periods” (American Psychiatric 
Association, 2000). E) "The disturbance is not due to the direct physiological 
e ffects o f a substance (e.g., a drug o f abuse, a medication) or a general medical 
condition” (Am erican Psychiatric Association, 2000). Schizophreniform  disorder 
m eets the “criteria o f A, D, and E o f schizophrenia but the episode o f d isturbance 
(including prodromal, active, and residual phase) m ust last at least one month, but 
less than six m onths” (Kaufm an e t al, 1996).
Although schizophrenia is traditionally conceptualised as a dichotom y o f positive 
and negative symptom s, a third fundam ental feature o f the d isorder that severely 
im pacts on functional outcom e is cognitive impairment. Cognitive im pairm ents are 
stable over time, they are largely independent o f positive sym ptom s and are partly 
independent o f m edication (From m ann et al, 2011). It is well established that 
patients with schizophrenia exhibit a w ide range o f neurocognitive deficits.
Deficient cognitive processing have been reported in the areas o f memory, 
attention, speed o f processing, language, executive function, IQ and problem ­
solving (P flueger et al, 2007; Heydebrend et al, 2004; Byrne et al, 2003; Egan et al, 
2001; Cosway et al, 2000). These im pairm ents are present at the time o f first 
episode and are also evident in unaffected fam ily relatives and also in those at 
ultra high-risk fo r developing a psychotic disorder. A  w ide range o f cognitive 
im pairm ents have been identified in up to 75% o f individuals w ith schizophrenia 
(O ’Carroll, 2000), as well as in recent-onset and first-episode patients (Sponheim 
et al, 2010; Hawkins et al, 2008; Addington et al, 2005; Heydebrend e t al, 2004; 
B ilder et al, 2000), unaffected first-degree relatives o f patients (Barrantes-Vidal et 
al, 2007; Trandafir et al, 2006; Snitz et al, 2006; S itskoorn et al, 2004; Kremen and 
Hoff, 2003), and also in individuals genetically at-risk and at ultra high-risk for 
schizophrenia (P fleuger et al, 2007; Brewer et al, 2005; Byrne et al 2003; Faraone 
et al, 2000).
These studies support the proposal that cognitive deficits represent one of 
the m ore central features o f the disorder. A  num ber o f studies have docum ented 
tha t patients with schizophrenia, w hose onset o f illness began in adolescence or
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early adulthood, dem onstrated greater cognitive deficits than patients whose illness 
onset was later in adulthood (Brickm an e t al, 2004; Basso et al, 1997). The first 
evidence o f cognitive im pairm ent m ay be a m anifestation o f anom alous 
neurodevelopm ental processes that becom e fully expressed in late adolescence 
before the onset o f full clinical d isorder (Lencz et al, 2006; M urray et al, 2004; 
C annon e t al, 2003a; Lieberm an e t al, 2001; Lencz et al, 2001). In the following 
section, an overview  is provided o f som e o f the cognitive dom ains tha t are shown 
to be im paired in schizophrenia.
1.3.1. Attention
Deficits in schizophrenia are not only evident at the level o f h igher-order cognitive 
processes, but are also observed at the level o f e lem entary inform ation processing. 
Patients w ith schizophrenia are characterized by im paired attentional processes 
(Gopal and Variend, 2005). Deficits in attention are also found in unaffected 
relatives o f patients (Groom  et al, 2008; S itskoorn et al, 2004; Laurent et al, 2000; 
Chen et al, 1998; Kremen e t al, 1994) and in those at-risk for developing the 
d isorder (Groom  et al, 2008; Erlenm eyer-K im ling et al, 2000). Non-psychotic family 
re latives o f patients w ith schizophrenia exhibit poor perform ance on tasks of 
sustained attention (Chen e t al, 2000). Cosway et al (2002) also found a disruption 
in attentional processes in individuals at h igh-risk fo r schizophrenia. Pre-attentive 
processing of auditory changes in the environm ent is reported to be deficient in 
patients w ith schizophrenia (M ichie e t al, 2000). This electrophysiological response 
to a change in auditory stim ulation is thought to be modulated by attention 
(W aldorff et al, 1998). However, som e researchers suggest that it is independent of
attention (Light et al, 2007), as this response has been elicited in coma patients 
and also in the foetus. The ability to detect auditory changes in the environm ent 
and subsequent attentional sw itching is usually exam ined with a mismatch 
negativity paradigm  which will be discussed later in this chapter and also in 
Chapter 3.
7.3.2. Executive Function
Executive function com prises a num ber o f cognitive processes such as working 
m emory, planning, initiation o f goal-directed behaviour, inhibition and monitoring of 
actions (Chan et al, 2008). Executive function im pairm ents in patients with 
schizophrenia may precede the illness and are also evident in unaffected fam ily 
relatives o f patients w ith schizophrenia (Bhojraj et al, 2010; D iwadkar et al, 2006). 
Previous studies have revealed im paired context-processing, which is associated 
with executive function, in schizophrenia (Barch et al, 2005, 2003, 2001a; Javitt et 
al, 2000; Cohen et al, 1999), in those at-risk for schizophrenia (M acDonald et al, 
2003; Lencz et al, 2006), and also in patients with schizotypal personality d isorder 
(Barch e t al, 2005). It is consistently docum ented that patients with schizophrenia 
are im paired on executive function tasks such as the Antisaccade, the colour-word 
Stroop, the Stop-signal and G o/NoG o tasks (W oolard et al, 2010; Enticott et al, 
2008; Badcock et al, 2002; Barch et al, 2001a; Kiehl et al, 2000; C lem entz and 
Sweeney, 1990). Neurophysiological investigation o f the inhibition aspect of 
executive function will be described in Chapter 4 o f this thesis.
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1.3.3.1. Expressive Langauge
Language dysfunction at the expressive and receptive level has been noted as a 
prom inent feature o f cognitive im pairm ent in patients w ith schizophrenia. 
Expressive language abnorm alities are manifested as ‘form al thought d isorder’ and 
can be distinguished in term s o f positive and negative thought d isorder (Kuperberg, 
2010). Positive thought d isorder is a disruption in the stream  o f conscious thought 
tha t leads to speech that is d isorganized and incoherent (Kuperberg, 2010; Harvey 
et al, 1984; Andreasen, 1979). Derailm ent and tangentia lity are elem ents of 
positive thought d isorder and are characterised by a ‘loosening o f associations’ in 
w hich the production o f associated w ords w ithin the discourse are partially or 
com plete ly unrelated to the overall discourse context (Kuperberg, 2010). This 
loosening of associations is thought to be reflected in an abnorm ally large N400 
event-re lated potential response to prim ed words in sem antic prim ing paradigms 
(M athalon et al, 2002a). On the o ther hand, negative thought d isorder com prises a 
poverty o f speech or ‘a logia ’ . Poor expressive language ability predicted outcome 
in patients with sch izophrenia and also unaffected siblings o f patients (Bearden et 
al, 2000). On tasks o f verbal fluency, studies have found that patients with 
schizophrenia and also those genetically at-risk for schizophrenia generate few er 
w ords than healthy contro ls (Lencz e t al, 2006; K losterkotter et al, 2001; Chen et 
al, 1996; McKay et al, 1996; A llen et al, 1983).
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Impaired receptive language is also consistently docum ented in patients with 
schizophrenia and their unaffected fam ily relatives, including difficulties with 
understanding sentences, and syntactic processing (Condray e t al, 2005; Condray 
et al, 2002; M inzenberg et al, 2002; DeLisi, 2001). Cannon et al (2002) reported 
the presence o f receptive language im pairm ents in children w ho later obtained a 
diagnosis o f schizophreniform  disorder. Also, Howlin and colleagues (2000) also 
found that 10% o f a group of children with developm ental receptive language 
d isorder had received a diagnosis o f schizophrenia in adulthood. Receptive 
language deficits have also been reported in adolescents reporting psychotic-like 
experiences (Blanchard et al, 2010). Receptive language will be exam ined further 
in C hapter 6 of this thesis. The ability to generate expectancies for the final words 
o f sentences and also to integrate a word into an overall context is disrupted in 
schizophrenia (M athalon et al, 2002). These processes o f sem antic 
com prehension and context integration in language are usually exam ined with 
event-re lated potentials as behavioural paradigm s m erely record the overt result of 
language processing. These language com prehension processes will be 
investigated in C hapter 5 o f this thesis.
1.4. A  B r ie f H is to ry  o f A d v a n c e s  in  E le c tro p h y s io lo g y
Caton (1875) was the first person to report electrical responses evoked from the 
surface of the brain. In 1929, Hans Berger reported the first recordings o f an EEG 
signal from  the scalp o f hum an participants, where he coined the term 
“e lectroencephalogram ” or EEG. This term combined the concepts o f electro- (i.e.
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electrical activity), encephalo- (signals emitted from  the brain) and gram or graphy 
(i.e. writing) (Sanei and Cham bers, 2007). Berger m easured electrical activity by 
positioning an electrode on the scalp, enhancing the signal w ith an am plifier and 
subsequently charting the changes in voltage o ve rtim e  (Sanei and Chambers, 
2007). Berger also reported associations between mental processes and changes 
in EEG signals (Sanei and Cham bers, 2007). S ince these initial studies, numerous 
advances have occurred in the field o f electrophysiology. Davis (1939) isolated and 
extracted the changes in voltage from  the EEG signal that resulted from  a sensory 
stim ulus and identified them as ‘Evoked Potentials’. Dawson (1954) then averaged 
large num bers o f these evoked potentials together which im proved the signal to 
noise ratio (Scanlon et al, 2006). As a result, the am ount o f irre levant data being 
recorded such as m uscle m ovem ents and skin potentials was reduced. This 
averaging process allowed for the m ost prom inent and consistent voltage changes 
to be investigated w ithout the interference or “noise" of occasional and possibly 
unrelated voltage changes, thereby signalling the origin o f Event-Related 
Potentials (ERPs) (Sanei and Cham bers, 2007). The first ERP com ponent or 'peak' 
called the C ontingent Negative Variation or CNV was described by W alter et al
(1964), where a negative peak in am plitude was observed in response to the 
partic ipant’s preparation fo r an upcom ing target stimulus. Sutton and colleagues
(1965) also discovered a positive peak in am plitude that was elicited by an 
in frequent task-re levant stim ulus and termed it the P300. Prior to the 1950s, there 
was no standard method o f e lectrode placem ent on the scalp, leading to a 
com m ittee which developed the international 10-20 p lacem ent system (Scanlon et 
al, 2006; Am erican Encephalographic Association, 1999). ERPs were then
recorded with larger arrays o f e lectrodes from 32- and 64-channel to more recently 
a 128- and 256-channel EEG to cover a w ider area of the scalp.
The EEG signal fluctuates in rhythm ic wave-like patterns across a range of 
frequencies as a result o f neural oscillations (Sanei and Cham bers, 2007). The 
alpha rhythm was discovered by Hans Berger where he observed high amplitude 
oscillations at 10Hz when the participants closed their eyes com pared to when 
the ir eyes were open. The frequency ranges include alpha (8-12Hz), beta (13- 
30Hz), delta (1-4Hz), theta (4-8Hz) and gam m a (30-70Hz) (Van der S telt and 
Belger, 2007). These d ifferent frequency bands are thought to reflect ongoing 
sensory and/or cognitive processes (Basar et al, 1999). For exam ple, evidence 
suggests that alpha activity reflects cortical deactivation and behavioral inhibition 
(C ooper et al, 2006; Jensen et al, 2002; W orden et al, 2000). Beta oscillations are 
prim arily associated w ith  m otor m ovem ent. Delta activity is related to attentional 
and syntactic language processes (Roehm  et al, 2004; Schurm ann et al, 2001; 
Devrim e t al, 1999). Theta activity has been associated with working memory and 
gam m a band activity is related to encoding, storage and retrieval o f information 
(Sauseng and Klimesch, 2008). Frequency-dom ain techniques enable investigation 
of event-related oscillatory activ ity tha t is undetectable in ERPs (Luck et al, 2010). 
Th is method also allows investigation o f the com m unication between brain areas 
and d ifferent cortical networks (Sauseng and Klimesch, 2008).
A t present, the coupling o f ERPs with other brain imaging techniques such 
as fMRI, transcranial m agnetic stim ulation (TMS) and m agnetoencephalography 
(M EG) provide further insights into the tem poral and spatial aspects of cognitive 
processing. MEG m easures e lectrom agnetic fields that are generated by electrical
currents in the intracellu lar fluid. The tem poral resolution o f M EG is sim ilar to EEG 
and this method overcom es the problem  o f the signal travelling laterally as a result 
o f brain structures o f varying resistance. In contrast to EEG, MEG records from 
tangentia lly rather than radially oriented sources (Lopes da Silva et al, 1991). 
A lthough MEG greatly facilitates the ability to identify neural generators, this 
method is expensive and time consum ing. Transcranial M agnetic Stimulation 
(TM S) directly stim ulates cortical regions using brief m agnetic w aves (Hampson 
and Hoffm an, 2010). The tem poral resolution o f this method is also equivalent to 
EEG and it has excellent spatial resolution but the spatial resolution obtained by 
fM RI is superior to TMS. This method allows exam ination o f patterns o f 
connectivity in the brain and how  these connections can be disrupted in psychiatric 
d isorders, such as schizophrenia (Ham pson and Hoffman, 2010). The 
sim ultaneous recording o f these m ethods w ith EEG im proves the tem poral and 
spatia l resolution to accurate ly identify neural sources responsible for generating 
ERP waveform s.
1.5. E le c tro p h y s io lo g y
E lectrophysio logy m easures voltage fluctuations in biological cells on a variety of 
scales from  single ion channel proteins to the brain as a whole (Nunez and 
Srinivasan, 2006). In neuroscience, the electrical activity o f neurons is the main 
process o f interest. Voltage changes can be observed via single-cell and intra- 
cortical recording, w hich m easures electrical activity directly from  the surface of an 
exposed brain. However, these invasive techniques are rarely used in human 
research and are prim arily used in animal studies. Therefore, the optimal method
fo r exam ining electrophysiological activity in hum ans is by recording EEG from the 
scalp. Contrary to the com m on m isconception that EEG records activity produced 
by action potentials, the recorded activity results from  excitatory (EPSP) and 
inhibitory (IPSP) post-synaptic potentials (Sauseng and Klimesch, 2008). EEG is 
the sum m ated activity o f post-synaptic potentials (PSPs) from  synchronously 
activated cells from the pyram idal layer o f the cortex (Luck, 2005). Post-synaptic 
potentials represent increased or decreased polarisation o f the cell membrane, 
w hich occurs when ions travel across the cell m em brane as a result of 
neurotransm itters binding with receptors (Luck et al, 2010; M cCarley e t al, 1991). 
W hen thousands o f neurons positioned in the sam e orientation produce PSPs 
sim ultaneously, the field potentials accum ulate and the voltage is evident on the 
scalp within m illiseconds (Luck et al, 2010). The array of electrodes placed on the 
scalp records this sum m ated activity o f post-synaptic currents after it navigates 
through the meninges, the skull and the scalp.
1.5.1. Physiology of ERPs
The com ponents o f the central nervous system  (CNS) com m unicate and interact 
through the transm ission o f e lectrochem ical signals between neurons. The neuron 
sim ply consists of a cell body, an axon and dendrites (see Figure 1.1). To speed up 
the transm ission o f signals between neurons, the axon is surrounded by a myelin 
sheath. The m ajority o f neurons com m unicate through dendritic branching (Sanei 
and Cham bers, 2007). The action potential propagates down through the cell 
m em brane in an undim inished fashion w ithout w eakening in speed or m agnitude 
(Sherwood, 2004). Each signal transm itted by a neuron will e ither inhibit or excite
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the connecting neurons and will initiate an action potential by releasing 
neurotransm itters across the synaptic cleft from the axon of the pre-synaptic 
neuron to the dendrites or cell body o f the post-synaptic neuron (Luck, 2005). The 
neurotransm itters diffuse across the synaptic cleft and bind to receptors in the 
post-synaptic neuron. The influx and outflow o f both positively and negatively 
charged ions causes the m em brane potential to change (either depolarisation or 
hyperpolarisation) (Handy, 2005). It is the generation o f these depolarisations 
(EPSPs) and hyperpolarisations (IPSPs) that are recorded by the EEG.
D endrites
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/  t t ^ A x o n  h illo ck  Axon
Presynaptic ce ll /  Synaptic
M yelin  sheath te rm ina ls  P ostsynaptlc  cell
Figure 1.1: The structure of a typical neuron, showing connections between 
neurons in the brain. Obtained from http://kvhs.nbed.nb.ca; Accessed 22nd July 
2011 .
1.5.2. The Resting Potential
All biological cells are surrounded by a m em brane, which is comprised o f a thin 
lipid bilayer (Sherwood, 2004). The unequal distribution o f a few principal ions
between the intracellu lar fluid (ICF) and the extracellular fluid (ECF) and their
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m ovem ent across the cell m em brane are responsible fo r the electrical properties of 
the cell (Sherwood, 2004). E lectrical charges are carried by ions and these positive 
and negative charges are separated across the m em brane so tha t the membrane 
has potential (Sherwood, 2004). If the potential o f the plasma m em brane reaches a 
voltage other than OmV, the m em brane is in a state o f polarisation (Sherwood, 
2004). The size or strength o f the potential is determ ined by the am ount o f positive 
and negative charges on e ither side o f the m em brane (Sherwood, 2004). The sign 
or polarity of the potential (+ or -) indicates w hether excess positive or excess 
negative charges are located on the inside o f the cell.
The resting potential o f the neuron is -70m V when no excitatory or inhibitory 
activity is occurring. A ny variation from  this state will make it more or less likely for 
the cell to generate an action potential (Sherwood, 2004). The ions responsible for 
m aintaining the resting potential are sodium (Na+), potassium  (K+) and anions. 
Anions are proteins tha t are located in the ICF within the cell and are too large to 
cross the cell m em brane (Sherwood, 2004). The negative charge produced by the 
anions in the intracellu lar space is balanced by the presence o f the potassium ions 
(Sherwood, 2004). There is a much larger concentration of sodium  ions in the ECF 
and more potassium  in the ICF (Sherwood, 2004). The sodium -potassium  pump 
(Na+-K+ pump) is an active transport m echanism  that transports three Na+ out of 
the cell fo r every two K+ pum ped in (Sherwood et al, 2004). Therefore, the outside 
of the cell m em brane is m ore positively charged than the inside. The primary 
function of the sodium -potassium  pump is to ensure that a greater am ount of the 
sodium  is on the outside of the cell and a greater concentration o f potassium inside
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the cell (Sherwood, 2004). W hen the resting potential o f -70m V  is reached, no 
m ore m ovem ent o f ions occur.
1.5.3. The Action Potential
Action potentials are brie f changes in m em brane potential, where the electrical 
potential o f the m em brane changes such that the inside o f the cell becom es more 
positive than the outside (Sherwood, 2004; see Figure 1.2). To instigate an action 
potential, an event occurs to cause the m em brane to depolarise (i.e. becom e more 
positive) from the resting potential o f-7 0 m V  (Sherwood, 2004). Depolarisation 
begins gradually until it reaches a threshold level o f -50m V to -55mV. 
Depolarisation decreases m em brane potential, moving it c loser to OmV (e.g. from - 
70m V to -50m V) (Sherwood, 2004). During depolarisation, some sodium channels 
open and sodium ions move into the cell. This process depolarises the membrane 
further and more sodium  ions flow  into the cell. Once the threshold o f -50m V to - 
55m V is reached, a sudden increase in depolarisation occurs. The action potential 
orig inates at the axon hillock and travels down the axon, term inating a t the axon 
term inals or synaptic knobs/boutons. A t the peak of the action potential, sodium 
channels start to close and potassium  channels begin to open w ith potassium  ions 
moving out o f the cell. The m em brane then quickly repolarises back to the resting 
potential, with potassium  ions still moving out o f the cell (Sherwood, 2004). The 
m echanism s that repolarise the m em brane frequently drive the potential below - 
70m V (i.e. tow ards -100m V), which causes a brie f hyperpolarisation. The inside of 
the cell becom es m ore negative than the level o f the resting potential and 
increases m em brane potential (Sherwood, 2004). W hen exam ining the recorded
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changes in potential, a decrease in potential (depolarisation; towards OmV) is 
indicated by an upward deflection, whereas an increase in potential 
(hyperpolarisation; tow ards -100m V) is illustrated by a downward deflection 
(Sherwood, 2004). The action potential is an all o r nothing occurrence, such that if 
the threshold o f -50m V is not reached, an action potential will not occur (Sherwood,
2004).
Figure 1.2: Diagram of the processes involved in the generation of an action 
potential in a neuron. Obtained from  w w w .qreqalo.com : Accessed 22nd July 2011.
1.5.4. Synapses
As briefly described in section 1.5.3., when the action potential reaches the axon 
term inals, neurotransm itter is released. A  synapse occurs at the junction between
nets^-MI
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the axon term inal o f one neuron (pre-synaptic neuron) and the dendrites or cell 
body o f a second neuron (post-synaptic neuron) (Sherwood, 2004; see Figure 1.3). 
W hen the action potential reaches the term inal (synaptic knob/bouton) of a pre- 
synaptic neuron, the neurotransm itters are released from  the synaptic vesicles 
within the bouton. The synaptic bouton o f the pre-synaptic neuron doesn't actually 
touch the post-synaptic neuron (Sherwood, 2004). Instead, calcium  ions enter the 
presynaptic term inal and the neurotransm itter is released into the synaptic cleft 
(see Figure 1.3; Sherwood, 2004). As the synaptic cleft is too large fo r the direct 
transfer o f electrical current from  one neuron to the other, it prevents the action 
potential from transferring across neurons (Sherwood, 2004). The neurotransm itter 
d iffuses across the synaptic c left and binds w ith protein receptor sites in the post- 
synaptic neuron tha t are specific to the neurotransm itter (Sherwood, 2004). The 
binding instigates the opening o f specific ion channels in the m em brane o f the post 
synaptic cell.
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Figure 1.3: Diagram of a synapse connection between a pre-synaptic and post- 
synaptic neuron. Obtained from  http://anthropoloqy.net/2QQ8/01/20/dopam ine- 
transporter-oene-and-prim ate-socia l-behavior/neuron-svnapse/: Accessed 25th July 
2 0 1 1 .
1.5.5. Excitatory and Inhibitory Post-Synaptic Potentials
There are two types o f synapse; an excitatory synapse and an inhibitory synapse.
In an excitatory synapse, the response to the neurotransm itter binding to a 
receptor site is the opening of positively-charged ion channels and the flow of 
sodium and potassium  ions passing through the cell m em brane (Sherwood, 2004). 
The result is a small depolarisation of the post-synaptic neuron. This depolarisation 
reduces the positivity o f the ECF and creates a sink, which ‘sucks’ the ions into the 
cell (Scanlon et al, 2006). The flow o f ions into one area o f the neuron is balanced 
through an outflow  in another area, known as a source (Scanlon et al, 2006). For 
exam ple, if a sink was evident at a cell body, the distant source may be present at
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the dendrites. The presence o f the positive source at one area and the negative 
sink at another allows the cell to be viewed as a ‘d ipole ’ (Scanlon et al, 2006). The 
activity generated form  one excitatory synapse is rarely suffic ient to depolarise the 
post-synaptic neuron enough to reach the threshold level. However, it does 
increase the likelihood o f another action potential occurring that will facilitate further 
excitatory input (Sherwood, 2004).
For an inhibitory synapse, the m em brane allows potassium  and chloride 
ions to enter the cell and a small hyperpolarisation occurs in the post-synaptic 
neuron (Sherwood, 2004). This results in greater level of internal negativity and 
thus lessens the likelihood o f action potential occurring. It is the sum o f these 
depolarisations (EPSPs) and hyperpolarisations (IPSPs) occurring in thousands o f 
neurons that are recorded by EEG. The sum m ation o f the EPSPs and IPSPs can 
occur tem porally or spatia lly to bring the postsynaptic neuron to threshold level. 
Tem poral sum m ation occurs w hen the sam e presynaptic fibre fires action 
potentials in quick succession, w hereas spatial sum m ation arises when two or 
more presynaptic inputs occur at the sam e time (see Figure 1.4).
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potential (EPSP) both b) spatially and c) tem porally. Obtained from
http://a ids.hallym .ac.kr/d/kns/tutor/ch3-5m .htin l; Accessed 25th July 2011.
1.6. E ven t-R e la ted  P o te n tia ls
Event-related potentials are positive and negative voltage deflections in the 
ongoing EEG signal o f the brain which are elicited by the occurrence of a cognitive, 
motor or sensory event (Picton, 2000). Triggers are placed at the onset of a 
stimulus or a response so that the activity occurring in response to this event can 
be accurately recorded and extracted from the EEG signal. Following filtering and 
artifact rejection, the EEG signal is averaged and ERP data are extracted from the 
background EEG. ERPs are extracted by averaging large numbers o f epochs that
are time-locked specifically to an event (Handy, 2005). An epoch is the time frame
22
in which a response to a stim ulus occurs with ERPs m easured according to either 
the stim ulus (stim ulus-locked) or to the partic ipant’s response (response-locked). 
This procedure reveals a series of positive and negative peaks that are related to 
the event of interest (see Figure 1.5; Luck et al, 2010). The ERP w aveform s are 
measured as the d ifference between the electrical activity recorded at a baseline 
reference electrode and the electrodes placed on the scalp (Scanlon et al, 2006). 
The waveform s are displayed in micro volts across time, with voltage plotted along 
the y-axis in micro volts and tim e in m illiseconds is plotted along the x-axis. 
Traditionally in ERP research, waveform s were plotted with negative voltage 
upwards and positive voltage downward (Luck, in press). However, m ost 
researchers now use the com m on Cartesian convention o f plotting positive voltage 
upward, but this is not universal (Luck, in press). The inform ation presented in a 
waveform  provides a detailed account o f neural activity tha t is elicited by the 
repetition o f a stim ulus or response. As the num ber o f repetitions increases, the 
proportion o f prom inent signals is h igher than to background noise, ensuring that 
the ERP com ponents observed are more reflective of a cognitive or sensory event 
(Handy, 2005).
A  com ponent is a peak in the ERP waveform  which describes the observed 
electrical activity in term s o f its polarity (e ither positive or negative) and its latency 
in m illiseconds (Luck, 2005). For example, the P300 is a positive peak occurring 
approxim ately 300m s follow ing a stim ulus or a response to a stimulus. According 
to Scanlon et al (2006), the polarity o f ERP com ponents depends on w hether the 
EEG records an excitatory PSP or an inhibitory PSP. It has been reported that 
EPSPs seem to result in negative com ponents in ERP recordings while IPSPs
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result in positive com ponents (Scanlon et al, 2006). W hether an EPSP or an IPSP 
is recorded depends on the receptor site which the neurotransm itter binds to. For 
exam ple, the neurotransm itter g lutam ate generates an EPSP, whereas glycine 
produces an IPSP (Sherwood, 2004). The ERP com ponent that is generated in a 
particular brain area will becom e w idely dispersed as it travels through brain areas 
o f differing conductivities (Luck et al, 2010). Som e com ponents are more 
prom inent at som e electrode sites than at others as the involvem ent o f a particular 
com ponent depends on the location and orientation or direction o f the generator 
source in com parison to the electrode site (Luck e t al, 2010). To isolate certain 
ERP com ponents, d ifference waves m ust be calculated, where the waveform  
generated in one condition is subtracted from  the waveform  generated in another 
condition (Luck et al, 2010). If the com ponent from  the two conditions differs in the 
presence or m agnitude, the difference wave will isolate this com ponent (Luck et al, 
2010). For exam ple, com ponents for which this procedure is employed are the 
m ism atch negativity and the N400. ERPs have been utilised to exam ine a wide 
range o f cognitive processes from sim ple eye m ovem ent and attention tasks (Kliegl 
e t al, 2011; M itchell et al, 1991), to h igher cognitive functions such as language, 
mem ory and learning (Key et al, 2006; Guillem et al, 2001; N iznikiewicz et al,
1997).
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T i m e  a f t e r  s t i m u l u s  ( m s )
Figure 1.5\ Com ponents are revealed follow ing the EEG averaging procedure.
Note: This figure displays the negativity plotted upwards. Obtained from 
http ://new s.w ikinut.com /im q/31 eeyiqcy ss2lbf /E R P-C om ponents; Accessed 20th 
O ct 2011.
1.7. A d va n ta g e s  &  D isa d va n ta ge s  o f  EEG
1.7.1. Advantages
There are m any advantages and d isadvantages to any method designed to 
exam ine the brain. Advantages o f ERPs include exceptional temporal resolution by 
providing a real tim e m easure o f electrical activity during sensory and cognitive 
processing and the ability to correlate brain activity w ith behavioural responses 
(with or w ithout overt responses). The tem poral resolution allows adaptation of 
cognitive tasks tha t can be tailored to reveal aspects o f functional im pairm ent in 
brain developm ent, sleep disorders and psychiatric d isorders such as 
schizophrenia (M cC arley e t al, 1991). This method also has the potential to map
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networks o f connectivity between areas of the brain at d ifferent locations on the 
scalp. The low cost o f set up and m aintenance of an EEG laboratory makes this 
method a sim ple and versatile  tool for investigating the brain. EEG has many 
clinical applications as it can m onitor alertness (i.e. alpha waves/rhythm ), coma 
and brain death. In relation to neurological disorders, EEG can assist in locating 
the origin o f an epileptic seizure and assess the efficacy o f m edication for epilepsy 
(Sanei and Chambers, 2007).
There are many brain imaging and recording techniques used to investigate 
various cognitive processes, all o f which vary in their tem poral resolution. ERPs 
have excellent tem poral resolution as voltage changes in the cortex can be 
detected on the scalp in m illiseconds. This allows ERPs to be generated as the 
cognitive processes are being initiated in real time. This method of assessing brain 
activity is superior to other m ethods such as Positron Emission Tom ography (PET) 
and functional M agnetic Resonance Imaging (fMRI). These techniques are based 
on the prem ise that cognitive processing requires increased regional cerebral 
blood flow  (rCBF). As a result, there is an inevitable tim e-lag in these methods due 
to the decreased speed at which blood flows through the brain when compared to 
the speed of e lectrical im pulses (Luck, 2005).
In com parison to behavioural experim ents, ERPs provide a continuous real 
tim e m easure o f processing between a stimulus and a response, whereas a 
behavioural experim ent can only record reaction times and accuracy measures. 
Therefore, w ith ERPs, it is possible to determ ine which stages o f processing are 
affected by specific experim enta l m anipulation (Luck, 2005). For example, an overt 
behavioural response the end point o f many cognitive processes such as
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perception o f the stimulus, response selection and decision making processes. 
Thus, with m easures o f reaction tim e and accuracy, it is not possible to distinguish 
between these processes. Also, ERPs can measure the processing o f a stimulus 
w ithout the need for an overt response. For example, in a m ism atch negativity 
(MMN) paradigm, it is possible to exam ine differences in auditory discrim ination 
processes w ithout the partic ipant consciously attending to the stimuli.
An advantage to the ERP approach is its ability to exam ine interactions 
between neural assem blies located at d ifferent areas o f the scalp. This technique 
is called source coherence and it reveals functional connectivity between regions 
o f the brain (w w w .besa.de) . In previous EEG studies, coherence between surface 
e lectrodes was identified as a correlate of oscillatory coupling between brain 
regions (Hoechstetter et al, 2004; Knyazeva, 2001; Nunez e ta l, 1999). However, 
this method has advanced to the point that it can now establish which areas o f the 
brain are com m unicating w ith one another by transform ing the observed scalp 
activity into brain activity using brain source m ontages developed from multiple 
source m odels (w w w .besa.de). To a certain extent, source coherence provides a 
solution the problem of localisation tha t is inherent in ERP analyses (Hoechstetter 
et al, 2004). ERPs have other advantages over various brain imaging techniques 
with regard to the set up and design. The cost o f setting up and maintaining an 
EEG laboratory is considerably less than that for fMRI, MEG or PET imaging. FMRI 
experim ents are expensive to run, w ith the cost ranging from  €300-€500 per 
session. The presence o f a qualified radiographer is also required when using the 
fMRI machine. W hile  participating in an fMRI experim ent, subjects may experience 
claustrophobia inside the fM RI machine. Head m ovem ents, as small as one
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quarter o f an inch, can also have catastrophic consequences in a functional 
imaging experim ent. In an ERP experim ent, head m ovem ents can be 
com pensated for much m ore easily through filtering and artifact rejection.
1.7.2. Disadvantages
As previously described, ERPs reflect the electrical activity produced by EPSPs 
and I PSPs generated by populations o f cells from  the pyramidal layer o f the cortex 
tha t are sim ilar in spatial orientation, radial to the scalp. However, EEG cannot 
detect tangentia l currents, which lim its the ability o f this method to exam ine sub- 
cortical sources. One o f the main disadvantages o f ERPs is its poor spatial 
resolution the EEG signals have to pass through layers o f tissue, bone, meninges, 
and scalp before being detected on the scalp. As e lectricity follows the path of least 
resistance, these structures may inhibit the ability o f the signal to travel in a uniform 
direction, thus distorting the signal (Luck, 2005; M cCarley et al, 1991). This results 
in deflections and d ispersions o f the electrical signal, such that the observed 
distribution o f the ERP m ay have been generated in any area o f the brain. In other 
words, an ERP generated in one part o f the brain can lead to considerable voltage 
changes at o ther parts o f the scalp (Luck, 2005). Two problem s surface regarding 
the identification o f possible neural sources responsible fo r the observed scalp 
activity; the forward problem  and the inverse problem. The forward problem 
involves known sources and an unknown scalp distribution, whereas the inverse 
problem requires w orking backwards from recorded scalp distributions to unknown 
source locations. EEG m easures the scalp topography but the sources are 
unknown. However, there  is no unique solution to the inverse problem as the
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num ber o f sources is unknown. As a way to overcom e the inverse problem, dipole 
source analysis attem pts to account fo r the source o f the observed distribution by 
calculating m athem atical solutions (M cCarley et al, 1991). Dipole modelling can 
allow inferences to be made about the source as it can often account fo r 99% of 
the variability observed in a waveform  (M cCarley e t al, 1991). However, source 
analysis is a very com plex method and im plem entation is based on presum ptions 
o f where the activity is expected to be located in the brain.
A  second d isadvantage of ERPs is the am ount o f tria ls required in order to 
accurately measure event-re lated potentials. In behavioural experiments, 20-30 
trials are sufficient to accurate ly observe a reaction tim e difference in each 
condition. However, an ERP paradigm often requires fifty, a hundred or even a 
thousand trials per condition. Nonetheless, Rugg and A llan (2000) suggest that 20- 
50 trials per experim ental condition o f a task are suffic ient for adequate signal to 
noise ratios in an averaged ERP waveform . Com pared to behavioural measures, it 
is more difficu lt to determ ine the functional significance o f an ERP component. In a 
behavioural experim ent, it is obvious w hat reduced accuracy or prolonged reaction 
tim e indicates, but it is d ifficu lt to extrapolate the underlying processes that give 
rise to an ERP com ponent. Therefore, the greatest shortcom ing o f the ERP 
technique is the ability to  successfully isolate a single ERP com ponent from the 
overall grand averaged ERP waveform  (Luck, 2005). The voltage recorded from a 
single electrode reflects the sum m ated activity o f m any underlying ERP sources, 
each of which reflects a d ifferent neurocognitive process (Luck, 2005). Therefore, 
the ability to draw  strong conclusions based on the observed ERP waveform  is 
reduced as the m ost dom inant ERP com ponents (i.e. the dom inant neurocognitive
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processes) are observed. Finally, a d isadvantage o f using EEG is its inability to 
establish causation as the recording o f brain potentials along w ith behavioural 
m easures m erely gives a correlational account o f cognition and behaviour. 
Transcranial m agnetic stim ulation is the only method tha t can offer this level of 
functional resolution.
1.8. EEG M e a su re m e n t an d  R e co rd in g
The EEG set up and recording begins with the application of the EEG cap, which 
conform s to the International 10-20 system  for electrode placem ent (American 
Encephalographic Society, 1999). The 10-20 system  is based on the relationship 
between the position o f an electrode on the scalp and the underlying area o f cortex 
where it is placed. Each electrode is labelled w ith a letter to identify the area of 
cortex (i.e. ‘FP ’ is fronta l polar, A F ’ is anterior frontal, ‘F ’ is frontal, ‘FC’ is fronto- 
central, ‘C ’ is central, T  is tem poral, ‘P ’ is parietal, ‘O ’ is occipital) and the num ber 
indicates the hem isphere in which it is located (i.e. all the odd num bers are on the 
left hem isphere and the even num bers are on the right hem isphere). The central 
locations are identified w ith the letter ‘z ’. The sm aller the number, the closer it is to 
the midline. The term  ’10-20 ’ was derived from  the percentages used in 
determ ining the p lacem ent o f electrodes on the scalp, where 10% and 20% 
represents the in ter-e lectrode distance (see Figure 1.6.). Increasing num bers o f 
electrodes m ay be added in accordance with the 10-20 o r the 10-10 system  when 
recording EEG (e.g. 32, 64, 128) (see Figure 1.7).
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Figure 1.6: The 10% and 20% inter-electrode distances, according to the 10-20 
system  for electrode placem ent. Obtained from
http://ww w.bci2000.org/w iki/index.php/User Tutorial:EEG M easurem ent Setup;
20% Vertex
Accessed 27th July 2011.
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Figure 1.7: The international 10-20 system fo r electrode placem ent fo r 32, 64 and 
128 channel EEG recordings, respectively. Adapted from
http://ww w.easvcap.de/easvcap/e/products/products-htm #15; Accessed 27th July 
2 0 1 1 .
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Following the application o f e lectrolyte gel (Abralyt 2000, www .easvcap.de) , 
electrodes with gold, silver/silver chloride, stainless steel or tin disks are attached 
to the cap and are plugged into the amplifier. Two additional electrodes are 
positioned above and below  the left eye to record eye blinks, and two are placed 
on the outer canthus o f each eye to record saccadic eye movements. An electrode 
is then placed on the tip o f the nose or the nasion as a reference electrode. O ther 
locations fo r the reference electrode include linked ears or linked mastoids (Sanei 
and Cham bers, 2007). A  common average reference can also be used where there 
is no reference electrode.
The skin is lightly abraded to maintain an im pedance level below lO kO hm s to 
ensure sufficient contact between the electrode disk and the scalp. Some studies 
record data w ith the im pedance level below 2kOhm s. The higher the im pedance 
level, the greater the e ffect that e lectrom agnetic fie lds such as line noise have on 
the data.
Com puterised EEG recording system s enable dig itisation and storage o f the 
EEG signal. The sam pling rate is the num ber o f data points recorded per second, 
w here a higher sam pling rate includes more data (e.g. 256Hz, 512Hz and 1000Hz). 
The choice o f sam pling rate depends on the desired frequency to be recorded and 
it is recom m ended tha t the sampling frequency is m ore than twice the maximum 
frequency of the signal being sampled. For exam ple, if a signal has an upper band 
lim it o f 100Hz, a sam pling frequency higher than 200H z will avoid distortion of the 
signal. The raw EEG data contains frequency com ponents o f up to 300Hz (Sanei 
and Chambers, 2007). The am plifier enhances the signal to aid visualisation of the 
data and converts the data from analogue form to digital form with analogue-to-
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digital converters (ADCs). It is then filtered to reduce the 'no ise ’ or irrelevant 
activity that exceeds a particular voltage level caused by internal and/or external 
sources (Sanei and Cham bers, 2007). Internal sources o f noise include 
electrocortical activity (ECG), skin potentials, m uscle activity, eye blinks and 
sweating (see Figure 1.8.). External sources include the 50H z pow er supply, 
fluctuation o f the im pedance and electrical noise from the com puter's components, 
defective electrodes and other pow er sources (Sanei and Chambers, 2007).
The band-pass filte r allows signals fo r a specific frequency band such as 
alpha (8-12Hz) fo r inclusion in the recorded data. The gain m easures the level to 
w hich the EEG signal is am plified which is usually 1,000-50,000 times. High pass 
filters rem ove low frequency com ponents such as breathing and electrogalvanic 
signals, therefore only high frequency signals above 0.01 Hz can pass. Low pass 
filters rem ove high frequency noise such as EMG, where only low  frequency signal 
below 10Hz can pass. Th is filtering procedure does not affect the recorded data. 
Notch filters with a frequency o f 50Hz are employed to reject the effects o f the 
50H z pow er supply.
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Figure 1.8: A rtifacts obtained during an EEG recording; A) blink artifacts, B) Muscle 
and m ovem ent artifacts, C) Electrical noise at 60Hz. Adapted from
http://ww w .slideshare.net/aniupaed/eeq-artifacts; Accessed 27th July 2011.
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It is well established that e lectrophysiological correlates of the cognitive deficits 
observed in schizophrenia are also im paired. Neurophysiological vulnerability 
m arkers for psychosis have been identified such as the m ismatch negativity 
(MMN), P50 sensory gating m echanism , pre-pulse inhibition, error-related 
negativity, P300 and N400 event-related potentials. These vulnerability markers 
have also been identified in the prodrom e and in individuals genetically at-risk fo r 
schizophrenia. Event-related potentials (ERPs) are the brain's neural response to a 
stim ulus or event. W hen neurons com m unicate with one another, they generate an 
electrical response that can be detected on the scalp. This electrical response is 
m easured in m illivolts and is e ither positive or negative in am plitude depending on 
the type o f e lectrochem ical m essages being transm itted from one neuron to the 
next. This response occurs w ithin m illiseconds from  the onset o f the event or 
stim ulus. A  positive-going deflection in voltage is denoted by the letter ‘P’ and a 
negative-going deflection is indicated by the letter ‘N ’. The time in which this 
change occurs follow ing the onset o f an event is referred to as the latency. The 
polarity and the tim ing o f the response are referred to as a ‘com ponent’ and 
d ifferent com ponents are related to different sensory and cognitive functions. For 
exam ple, a P100 com ponent refers to a positive voltage deflection that occurs 
approxim ately 100m s follow ing the onset o f an event and is associated with 
processing visual inform ation. The m echanism s underlying the generation o f an 
event-re lated potential are discussed in more detail in Chapter 2. The following 
section d iscusses com ponents related to early sensory inform ation processing 
such as the m ism atch negativity (MMN), pre-pulse inhibition, N1/P2, P50 and the
1.9. Event-related Potentials in Schizophrenia
error-related negativity. Later cognitive com ponents such as the P300 and the 
N400, which are indicators o f h igher-order cognitive processing, are also 
discussed.
1.9.1. Early Sensory Components
1.9.1.1. P50
The P50 sensory gating paradigm was developed to explore the attentional 
system, w hereby the initial stages o f processing were dedicated to selecting 
relevant inform ation and filtering out or ‘gating’ irre levant information (Lawrie et al,
2004). In other words, events o f high frequency would be considered as less 
relevant and thus filtered out, while attentional resources were allocated to events 
of low frequency (Lawrie et al, 2004). The P50 com ponent is evoked when the 
participant is presented w ith two auditory ‘click’ sounds separated by 500ms. The 
normal response is an attenuated P50 to the second 'click' sound; however, this 
inhibitory effect is decreased in patients with schizophrenia (Keshavan et al, 2008). 
Deficits in the ability to suppress the P50 response to the second stim ulus have 
been reported in m edicated and unm edicated patients with schizophrenia 
(Freedm an et al, 1983; 1982), first-episode patients (Yee et al, 1998), first degree 
relatives o f patients (C lem entz et al, 1998) and in schizotypal individuals 
(Cadenhead et al, 2002; Cadenhead and Braff, 2002). However, this abnorm ality is 
also observed in b ipolar disorder, chronic alcoholism  and AD H D  (Durukan et al,
2011; Sanchez-M orla e t al, 2008; Marco, 2005). Previous studies suggested that 
abnorm alities in this system , as a result o f poor filtering o f external stimuli, may be 
associated with positive sym ptom s o f schizophrenia such as delusions and
hallucinations (Freedm an e ta l, 1991). However, m ost studies relate P50 
abnorm alities to disruptions in the inhibitory function o f the attentional system  
(Lawrie et al, 2004).
1.9.1.2. Pre-pulse Inhibition
The startle response is evoked by the sudden occurrence o f an unexpected 
auditory stim ulus and is usually suppressed when this stim ulus is preceded by a 
pre-pulse stim ulus occurring 60-120m s earlier (Keshavan et al, 2008). This pre­
pulse inhibition is said to reflect the sensorim otor gating process and studies have 
found a reduction in this response in patients w ith schizophrenia (B raff and Light,
2005). This abnorm ality has not only been found in patients w ith schizophrenia but 
also in first episode patients (Keshavan et al, 2008; Bender et al, 1999) and in 
unaffected fam ily m em bers (Cadenhead e t al, 2002). It has been suggested that 
the central nervous system  is overly responsive to the second stimulus, leading to 
the observed deficits. Pre-pulse inhibition deficits have also been found in other 
d isorders such as H untington’s disease, OCD, PTSD, A sperger’s, Tourette ’s and 
panic disorder, which suggest that this im pairm ent is not specific to schizophrenia 
(Turetsky et al, 2007; Geyer, 2006).
1.9.1.3. Error-Related Negativity
The ability to m onitor and adjust ongoing behaviour is deficient in patients with 
schizophrenia (Laurens et al, 2010). The ability to m onitor your thoughts and 
behaviour is crucial fo r guiding goal directed behaviour (Mathalon et al, 2009). 
According to Norm an and Shallice (1986), executive control processes include
37
decision-m aking, e rror detection, correction and evaluation, conflict resolution and 
response inhibition, all o f which are im paired in schizophrenia. Neurophysiological 
studies have identified error monitoring m echanism s in the brain, revealing a 
fronto-centrally d istributed event-related potential negative component, term ed the 
‘error-related negativ ity ’ (ERN). The ERN is usually elicited when the participant 
knows the correct response but fails to execute it and thus, is thought to index an 
error detection m echanism  (N ieuwenhuis et al, 2001; Dehaene et al, 1994). 
A lternatively, it has been suggested tha t it reflects detection o f conflict between 
com peting response alternatives or an effective response to errors (Pailing et al,
2002). Errors in these tasks are relatively rare and fast reaction times are required, 
resulting in errors tha t are due to im pulsive responding prior to com plete 
processing o f the stim ulus (O lvet and Hajcak, 2008; Rabbitt, 1966). Patients with 
schizophrenia are characterised by reduced am plitude of the ERN com ponent 
during error processing across a variety o f experim ental paradigms, fo r example, 
the G o/NoG o (Bates et al, 2004; 2002), the S troop (Alain et al, 2002), picture-word 
naming (M athalon et al, 2002b), and also in the Erikson-type Flanker task (Morris 
e ta l, 2008; Kopp and Rist, 1999). Recent research has identified the presence o f a 
defic ient ERN response in children from  the com m unity who reported putative 
antecedents o f schizophrenia such as PLEs, a speech/m otor developm ental delay 
and a socia l/em otion/behavioura l problem  (Laurens et al, 2008). This evidence 
suggests the possibility that the ERN com ponent may be a vulnerability m arker for 
psychosis. However, the ERN is not only abnorm al in schizophrenia but also in 
substance abuse and autism  (South et al, 2010; O lvet and Hajcak, 2008).
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Increased ERN has been reported in generalised anxiety disorder, depression and 
obsessive com pulsive disorder (O lvet and Hajcak, 2008).
1.9.1.4. Auditory N1 & P2
The auditory evoked potentials (N1 or N100 and P2) occurring in the 100 ms and 
200m s time fram es following the onset o f an auditory stim ulus are elicited 
independently o f task dem ands but are m odulated by voluntary attention (Force et 
al, 2008; Neelon et al, 2006). The N1 is m axim al at fronto-central sites and the P2 
is apparent at central sites (M cCarley e t al, 1991). These com ponents seem to be 
associated with early auditory stim ulus encoding in the tem poral cortex (M cCarley 
et al, 1991). In an auditory oddball task, the N1 which is elicited by the standard 
tones is reduced in patients w ith schizophrenia (Salisbury et al, 2010; O ’Donnell et 
al, 2004; Ford e t al, 2001; Ogura e ta l, 1991). This decreased am plitude is evident 
regardless o f w hether the subjects counted the deviant tones or ignored them  and 
read a book or engaged in a passive task (Salisbury et al, 2010; O ’Donnell et al, 
1994). Several studies have found decreased N1 am plitudes in patients with 
schizophrenia, which w as independent o f illness chronicity (W ood et al, 2006; 
Brown et al, 2002). Ahveninen e t al (2006) dem onstrated a reduction in N1 
am plitude in unaffected twins, which was m ore pronounced in m onozygotic tw ins 
than in d izygotic twins. Force et al (2008) dem onstrated that unaffected fam ily 
relatives o f patients w ith  schizophrenia displayed deficient N1 amplitude. O ’Donnell 
et al (1994) found reduced am plitude and shorter latency o f the P2 com ponent in 
patients w ith schizophrenia than in controls. There have been few  articles reporting 
on the N1 and P2 in firs t episode patients, w ith inconsistent results (Salisbury et al,
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2010). Brown et al (2002) reported reduced N1 and P2 to standard targets on an 
auditory oddball task, w hereas V alkonen-Korhonen et al (2003) reported no 
reductions in N1 am plitude. Salisbury et al (2010) showed N1 and P2 am plitude 
reductions in both patients with schizophrenia and first episode patients. The 
auditory N1 and P2 are reduced in ADHD, depression and A lzheim er’s (Satterfield 
e ta l, 1994; Pfefferbaum  e ta l, 1984a).
1.9.1.5. Mismatch Negativity
M ism atch negativity (M MN) is an event-re lated potential that is elicited when a 
stream  of uniform auditory stimuli are interspersed w ith a deviant stim ulus which 
can vary in attributes such as pitch, frequency or duration (Keshavan et al, 2008). 
Javitt (2000) dem onstrated that in a tone m atching task, patients showed deficits in 
both MMN and behavioural m easures o f acoustic m em ory and the two m easures 
highly correlated w ith one another. Therefore, the MMN is thought to reflect a pre- 
attentive stage o f processing auditory inform ation w ithin the auditory echoic 
sensory m em ory (Javitt et al, 1998). S tudies in patients w ith schizophrenia 
consistently report am plitude reductions in the MMN response to changes in 
duration o f auditory stim uli (Um bricht and Krljes, 2005). The results o f studies 
using frequency deviants have not been as consistent as those using duration 
deviants. Duration MMN was found to be reduced in both schizophrenics and their 
first-degree relatives (M ichie et al, 2002). Thus, these d ivergent results likely point 
to the different ways in which frequency and duration deviants challenge the 
auditory system, w ith duration deviants being m ore sensitive to abnorm alities in the 
auditory system  (M ichie et al, 2002; 2000).
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MMN appears to be relatively specific  to schizophrenia as normal MMN has 
been reported in m any other psychiatric d isorders such as m ajor depressive (MDD) 
and b ipolar d isorder (Um bricht e t al, 2003), obsessive com pulsive disorder (OCD) 
(Oades, 1996; Towey et al, 1994) and in AD H D  (Kem ner et al, 1996). However, the 
MMN am plitude is decreased in individuals w ith dyslexia and alcoholism  (Duncan 
e t al, 2009; Polo e t al, 1999). MMN is also reduced in neurological disorders such 
as A lzhe im er’s disease, stroke, and m ultip le sclerosis and is m ore severely 
im paired in m ultiple sclerosis w ith cognitive im pairm ent (Duncan et al, 2009; Jung 
et al, 2006; llvonen et al, 2003; Pekkonen et al, 1994). Individuals with dyslexia 
(Korpilahti and Lang, 1994), specific language im pairm ent (SLI), dysphasia and 
autism (Cheour, 2008) have also displayed reductions in MMN amplitude. The 
m ism atch negativity will be exam ined in C hapter 3 o f the thesis.
19 .2 . Later Cognitive Components
1.9.2.1. P300
The P300 com ponent is a positive w aveform  occurring approxim ately 300m s 
follow ing the onset o f a task-re levant stim ulus (Keshavan et al, 2008). The auditory 
P300 com ponent is usually elicited in the auditory oddball paradigm, where 
participants are presented with a series o f tones sim ilar to the MMN paradigm  but 
instead they are required to respond via a button press to the deviant tones. The 
P300 is thought to reflect context-updating o f an individual’s environm ent in 
working m em ory (Lawrie et al, 2004). Since the original report o f reduced P300 
am plitude by Roth and Cannon (1972) in patients with schizophrenia, num erous
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studies have used the P300 oddball paradigm  to exam ine dysfunction in 
schizophrenia (Ford e ta l, 1999; 1992; M cCarley e ta l, 1993; 1991).
A  reduced P300 am plitude to the auditory oddball task is one o f the m ost 
replicated findings in schizophrenia (Force et al, 2008; Jeon and Polich, 2003;
Ford, 1999; Turetsky, 1998). P300 latency is usually prolonged in patients with 
schizophrenia as it reflects increased dem ands fo r detecting and processing stimuli 
(Van der Stelt and Belger, 2007; M cCarley et al, 1991; Pfefferbaum et al, 
1984b).The P300 com ponent was also affected in relatives o f patients with 
schizophrenia (Bramon e ta l, 2005; Frangou et al, 1997; Roxborough 1993). 
Decreased P300 am plitudes have also been reported in first-episode patients 
(Dem iralp et al, 2002; Salisbury, 1998) and in schizotypal individuals (Salisbury et 
al, 1996). Not only does the P300 reflect the allocation o f attentional resources and 
updating the environm ental context, this com ponent is also implicated in word 
recognition and vocabulary know ledge (Connolly et al, 2000). Vocabulary 
know ledge and receptive language will be exam ined with the P300 com ponent in 
C hapter 6 o f the thesis. The P300 am plitude reduction in schizophrenia is relatively 
non-specific as abnorm alities have also been observed in other psychiatric and 
developm ental disorders such as b ipolar d isorder (BD), Oppositional Defiant 
D isorder (ODD), Post Traum atic Stress D isorder (PTSD), alcoholism, specific 
language im pairm ent (SLI), autism and A ttention Deficit D isorder (ADHD) (Duncan 
et al, 2009; Sur and Sinha, 2009; Keshavan e t al, 2008; Hall et al, 2007; Bavlng et 
al, 2005).
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The N400 com ponent w as reported in an article by Kutas and Hillyard (1980a) 
where large negativity peaking at 400m s was evident in response sem antically 
incongruent final words o f visually presented sentences (Coch e t al, 2002; Kutas 
and Hillyard, 1980a). For exam ple, ‘He shaved off his m oustache and city. The 
N400 am plitude is inversely related to the degree o f the predictability (i.e. cloze 
probability) o f a word by its preceding sentence context (N iznikiewicz et al, 1997). 
The less likely that a word is predicted by the previous context, the larger the N400 
it elicits (Kutas and Hillyard, 1980a). Previous ERP studies have reliably found 
significant reductions in am plitude fo r the language-related N400 com ponent in 
patients with schizophrenia (M athalon et al, 2002a; Titone et al, 2000; Kuperberg 
et al, 1998; Nestor e t al, 1997; N iznikiewicz et al, 1997; Adam s et al, 1993). 
However, som e studies have also reported enlarged N400 am plitudes to 
incongruent sentence endings (O lichney et al, 1997; Spitzer, 1997; Koyama e ta l, 
1994; Andrews et al, 1993; Grillon et al, 1991). N400 latency findings are more 
reliable than am plitude findings, w ith evidence o f prolonged N400 latency in 
schizophrenia reported in m ost o f the studies (Hokam a et al, 2003; Salisbury et al, 
2000; Nestor e ta l, 1997; N iznikiewicz et al, 1997).
The N400 com ponent is im paired particularly in illnesses with dam age to the 
tem poral lobe, such as stroke in the left tem poral lobe, left tem poral lobe epilepsy, 
and A lzheim er’s d isease (Duncan et al, 2009). Schizophrenia patients are also 
characterised by reduced left latéralisation fo r language, which may indicate that 
abnorm al processes in the left tem poral lobe, such as in W ern icke ’s area, may 
m odulate the deficits observed in sem antic com prehension. It is also abnorm al in
1.9.2.2. N400
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disorders characterised by deficits in language ability such as developm ental 
learning disability, autism and dyslexia (Duncan et al, 2009). Regarding other 
psychiatric disorders, the N400 is abnorm ally enhanced to primed w ords in bipolar 
patients, which is indicative o f poor use o f context for sem antic com prehension 
(Cho et al, 2011). However, Deldin et al (2006) reported an intact N400 in patients 
with m ajor depressive disorder.
1.10. S tru c tu ra l &  F u n c tio n a l B ra in  A b n o rm a litie s
W ith the aid o f structural and functional imaging, it is possible to identify the 
sources responsible for the electrical activity evident on the scalp. Therefore, any 
abnorm alities observed in the scalp activity can be traced by to its neural origin.
The follow ing section discusses the structural and functional brain abnorm alities 
reported in schizophrenia.
1.10.1. Structural Abnormalities
Som e structural im pairm ents are reported to be present early in patients with 
schizophrenia, such as a reduction in brain volum e (Keshavan et al, 2008; Nesvag 
et al, 2008; Steen et al, 2006; Shenton et al, 2001; W right et al, 2000), decreased 
w hite  m atter integrity (E llison-W right and Bullmore, 2009; Kanaan et al, 2005), gray 
m atter volum e reduction (Baiano et al, 2007), enlargem ents o f the basal ganglia 
(Scherk and Falkai, 2006) and reversal of cerebral asym m etry of the sylvian fissure 
(DeLisi et al, 1994; C ro w e t al, 1989). Num erous structural MRI studies have 
consistently found increased ventricu lar volum e in patients with schizophrenia and 
in first-ep isode psychosis (Steen e t al, 2006; Shenton e t al, 2001; W right et al,
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2000). Tem poral lobe structures are also affected as decreases in volum e have 
been reported in the hippocampus, am ygdala and superior tem poral gyri 
(Keshavan e t al, 2008; Nelson et al, 1998), the thalam us (Konick and Friedman,
2001), the anterior cingulate cortex (ACC) and the corpus callosum (Keshavan et 
al, 2008; Baiano et al, 2007; W oodruff e t al, 1995).
1.10.2. Evidence for Frontal Dysfunction
Frontal dysfunction has been consistently reported in patients with schizophrenia 
across m ultiple lines o f evidence from perform ance on neuropsychological tests of 
frontal lobe function to post mortem studies (Shenton et al, 2001). In particular, 
prefrontal dysfunction has been noted on tasks requiring sustained attention, 
working m em ory and inhibition (M ac Donald e t al, 2005; Perlstein et al, 2003). 
G ray m atter volum e is decreased in areas o f the prefrontal cortex (Pantelis et al, 
2007; Shenton e t al, 2001; W right e t al, 2000). Many studies have found reduced 
activity in the dorsolateral prefrontal cortex (DLPFC) (Honey et al, 2002; Barch et 
al, 2001 b; C arter et al, 1998; Perlstein et al, 2001) and also in the m iddle frontal 
gyrus (Holm es e t al, 2005). FMRI studies o f prodromal individuals and unaffected 
relatives o f patients w ith psychosis revealed that sim ilar abnorm alities were found 
in the prefrontal cortex o f these groups but to a lesser degree than those observed 
in first-episode psychosis (Fusar-Poli e t al, 2007). In addition, post m ortem  studies 
have docum ented a decrease in the density o f dendritic spines o f pyramidal 
neurons in the prefrontal cortex o f patients w ith schizophrenia (Lewis and 
G onzalez-Burgis, 2008; G lantz and Lewis, 1995).
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Schizophrenia has also been conceptualised as a disconnectivity syndrom e with a 
d isruption in connectivity between d ifferent brain regions (Allen et al, 2010). 
Num erous imaging studies have found a reduction in connectivity between frontal 
and hippocam pal regions in patients, first-ep isode patients and individuals w ith an 
at-risk m ental state (ARMS) (Banyai et al, 2011; Benetti et al, 2009). Crossley et al 
(2009) also reported a dysfunction between the prefrontal cortex and the superior 
tem poral gyrus in first episode patients and prodrom al individuals. Finally, a 
disrupted prefrontal-tem poral connection was recently reported in adolescents with 
subclinical psychotic sym ptom s from  the general population (Jacobson et al, 2010). 
These findings suggest that certain abnorm alities in brain structure and function 
are present in the early stages o f schizophrenia (Rapoport et al, 2005).
1.11. E n v iro n m e n ta l R isk  F a c to rs  fo r  S ch iz o p h re n ia
This section introduces environm ental risk factors that have been identified in 
patients with schizophrenia from  birth cohort studies and retrospective data. 
Environm ental factors tha t m odulate liability to psychosis at crucial periods o f 
neurodevelopm ent are discussed. In section 1.11.1 risk factors occurring in the 
prenatal and perinatal periods are described. Neurodevelopm ental abnorm alities 
are discussed in section 1.11.2. Factors w ithin the individual’s environm ent that 
exert an effect on the vu lnerability to psychosis, such as season of birth, urban 
dwelling, exposure to vio lence and bullying are also discussed in section 1.11.3.
1.10.3, Disconnectivity in Schizophrenia
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Environm ental risk factors associated w ith increased risk for schizophrenia in 
prenatal and perinatal neurodevelopm ent include obstetric complications, maternal 
stress, and exposure to influenza and other infections in the second trim ester 
(C larke et al, 2006). In the antenatal period, maternal infections such as influenza, 
rubella, pneumonia, tubercu losis and nutritional deficiency during pregnancy are 
related to an increased risk fo r developing schizophrenia (Tandon et al, 2008a; 
M eyer et al, 2007; Penner and Brown, 2007; Brown et al, 2000). The strength of 
association between prenatal infection and risk for schizophrenia ranges from an 
odds ratio o f 2.0 fo r influenza to 5.2 fo r rubella (Cannon et al, 2003b). The possible 
m echanism s underlying the relationship between prenatal exposure to infection 
and schizophrenia include hypertherm ia, m edication and the maternal 
in flam m atory response to infection (Brown et al, 2000).
Obstetric com plications are reported to double the risk o f developing 
schizophrenia, w ith fetal hypoxia as the m ost com m on mediating factor (Byrne et 
al, 2007). Pre-eclam psia, non-spontaneous delivery, caesarean section, forceps or 
m anipulation was significantly d ifferent between cases and controls in a Scottish 
study (Geddes et al, 1999; Kendell et al, 1996). Cannon et al (2003c) conducted a 
m eta-analysis o f obste tric com plications in population-based studies and found 
three categories o f com plications that were related to schizophrenia risk. These 
included com plications in pregnancy (e.g. diabetes, pre-eclam psia, bleeding), 
com plications o f delivery (e.g. asphyxia, caesarian) and abnorm al fetal growth (e.g. 
reduced head circum ference, low birth weight).
1.11.1. Prenatal & Perinatal Period
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1.11.2. Neurodevelopmental Abnormalities
Patients with schizophrenia are more likely to have premorbid neurodevelopm ental 
abnorm alities such as delayed developm ental m ilestones, neurological soft signs 
(NSS), m inor physical anom alies and deficient neurom otor skills (Keshavan et al, 
1994; Green e t al, 1989; W einberger, 1987; M urray and Lewis, 1987). These 
developm ental abnorm alities have also been docum ented in genetically h igh-risk 
populations as 25-60%  of children of a parent w ith schizophrenia were deficient in 
gross and fine motor m ovem ents and pandysm aturation (Cannon and Clarke,
2005). In the Northern Finland 1966 birth cohort study, the ages at which the 
children reached the ir developm ental m ilestones were related to subsequent risk 
for schizophrenia and other psychotic disorders. M inor physical abnorm alities 
include low set ears, furrowed tongue and high arched palate (Green et al, 1989). 
Excessive neurological soft signs are also evident in patients with schizophrenia, 
first-episode and high-risk individuals (Dazzan and Murray, 2002). These soft signs 
are m inor neurological im pairm ents in sensory and motor abilities such as, unusual 
gait, tics, tw itches and sensory perceptive difficulties (Dazzan and Murray, 2002; 
Jones e t al, 1994; W alker et al, 1994). These im pairm ents are thought to reflect a 
failure o f integration within, or between, sensory and motor systems.
1.11.3. Environmental Factors
Older paternal age doubles the risk o f developing schizophrenia and late w inter or 
early spring birth is related to a 5-10%  increased risk for the illness (Tandon et al, 
2008a; Davies e t al, 2003; McGrath and W elham , 1999). Urban dwelling is also 
associated w ith increased risk o f schizophrenia as an excess of schizophrenia
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illness has been reported in urban areas as a result of m igration into these areas 
(G erard and Houston, 1953). However, akin to w inter/spring birth, urban dwelling 
m ay be a proxy variable that could encom pass a large num ber o f possible risk 
factors such as prenatal infections, w hich increases in prevalence in areas of large 
population density (Cannon et al, 2003b). Exposure to dom estic violence, 
physical/sexual abuse, bullying, childhood traum a and substance abuse confers 
increased risk fo r psychotic sym ptom s in adolescence (Kelleher e t al, 2008). 
C annabis use during adolescence is related to an increased risk o f developing 
schizophrenia as a Swedish cohort study reported that cannabis use at 18 years 
increased the risk fo r adult schizophrenia six fold (Andreasson et al, 1987). In a 
review  by A rseneault et al (2004) o f five prospective population based studies, 
cannabis use was associated w ith an overall 2-fold increased risk for later 
schizophrenia. Kelleher et al (2008) also found that adolescents reporting 
psychotic experiences w ere significantly more likely to be exposed to dom estic 
violence, physical abuse, being a bully and also being a victim  o f bullying.
W hile  there is cum ulative evidence o f a w ide range o f environm ental risk 
factors fo r schizophrenia, the e ffect sizes are small ranging from  an odds ratio of
1.1 for w in ter birth to 7.0 for perinatal brain dam age. There may also be 
confounding variables such as maternal fever or m edication that could explain 
associations between maternal influenza or prenatal infection and subsequent risk 
o f schizophrenia (Cannon et al, 2003b).
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Psychosis is considered as a neurodevelopm ental d isorder originating in early 
childhood and m anifesting in late adolescence or early adulthood (Lewis and 
Murray, 1987; W einberger, 1987). The neurodevelopm ental hypothesis suggests 
that the etiology o f schizophrenia m ay involve pathological m echanism s that occur 
before the brain is fully mature (R apoport et al, 2005). These pathological 
processes are thought to detrim entally affect the brain in early developm ent and 
leave a lasting deficit (Church et al, 2002). This dam age is thought to occur e ither 
during foetal developm ent (early neurodevelopm ental theory) or while the brain is 
maturing in adolescence (late neurodevelopm ental theory).
1.12.1. An ‘Early1 Neurodevelopmental Hypothesis
A  neurodevelopm ental model was proposed following evidence of subclinical signs 
o f psychopathology and the presence o f neurodevelopm ental abnorm alities in 
infancy and childhood (Cannon et al, 2002; Jones et al, 1994; Murray, 1994). The 
neurodevelopm ental hypothesis states that there are aberrant changes in early 
cortical developm ent whose resulting detrim ental consequences do not appear 
until adolescence or early adulthood (Cannon et al, 2002). It has been suggested 
that the critical time period w hen the developm ental tra jectories of individuals 
predisposed to developing schizophrenia diverge from those o f healthy individuals 
can be traced back to prenatal brain developm ent (Cannon and Clarke, 2005). The 
occurrence o f an early insult is supported by studies o f prim ates where neonatal 
lesions have delayed effects on behaviour (Owen et al, 2011). To account fo r the 
time delay between anom alies occurring in early brain developm ent and onset of
1.12. The Neurodevelopmenta! Hypothesis
psychotic symptoms in adolescence, this ‘early’ neurodevelopmental hypothesis 
posits that an insult that is present since early life interacts with normal 
neurodevelopmental processes in adolescence (Murray and Lewis, 1987; 
Weinberger, 1987). This interaction is hypothesized to bring about the onset of 
psychotic symptoms in adolescence.
1.12.2. A ‘Late’ Neurodevelopmental Hypothesis
An alternative ‘late’ neurodevelopmental hypothesis incorporates the existence of 
possible aberrations in developmental processes such as myelination and synaptic 
pruning to explain the onset of psychotic symptoms as the brain matures in 
adolescence (Pantelis et al, 2003; McGlashan and Hoffman, 2000). In normal 
development, synaptic density increases until two years of age then slowly 
decreases during childhood and further declines at a rapid pace in adolescence via 
synaptic pruning. The term ‘pruning’ refers to this decrease in synaptic density, 
which is a loss of neurons, synapses or dendrites and is a normal brain maturation 
process occurring in adolescence (Keshavan, 1994). This model, proposed by 
McGlashan and Hoffman (2000), suggests that brain maturation processes such as 
synaptic pruning become abnormal in those predisposed, either genetically or 
environmentally, to schizophrenia and increases vulnerability to develop psychosis 
(Meng et al, 2009). Data from a longitudinal structural brain imaging study recently 
revealed evidence of detrimental alterations during developmental periods which 
may influence the course of psychosis via excessive synaptic pruning (Gogtay et 
al, 2011). Structural brain abnormalities are present at illness onset despite the 
absence of neurodegeneration in post-mortem studies and delays in cognitive and
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motor function are also evident at a young age in those who subsequently develop 
illness (Owen et al, 2011). Myelination refers to maturation of neurons whereby a 
phospholipid layer forms around the axons of nerve cells, allowing the electrical 
impulses to travel faster. Impairments in this developmental process have also 
been associated with schizophrenia as myelination has been shown to decline in 
pre-schizophrenic individuals, resulting in abnormalities of neural connectivity as 
illustrated by diffusion tensor imaging techniques (Kanaan et al, 2005). While an 
early prenatal neurodevelopmental insult may increase an individual’s risk of 
developing schizophrenia in adulthood, the manifestations of the illness may only 
be understood by considering interacting factors between this early insult and 
developmental processes up to and including the illness onset (Pantelis et al,
2003).
1.13. The Psychosis-Proneness Continuum Model
As previously described in section 1.2.1., a diagnosis of schizophrenia is based on 
the traditional Kraepelinian model of schizophrenia. In contrast, a large body of 
research has advocated the existence of psychosis on a continuum of symptom 
severity rather than a dichotomous entity (van Os et al, 2000). On this continuum, 
psychotic-like experiences are positioned at the lower end of the distribution and 
clinically-defined psychotic disorder is a skewed extremity at the higher end 
(Murphy et al, 2010; Yung et al, 2009). Two models of continuity have been 
posited; a quasi-dimensional approach and a fully dimensional model. The quasi- 
dimensional model implies that the symptoms observed in patients with psychotic 
disorders are also evident in the general population but do not fulfil the clinical
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criteria for psychosis (Verdoux and van Os, 2002). However, while the prevalence 
rates of psychotic-like experiences are high in the general population, the base rate 
of psychotic disorder is 0.5-1% which implies that the majority of psychotic-like 
experiences are transitory and remit over time (van Os et al, 2009; Hanssen et al,
2005). Cougnard and colleagues (2007) have documented that the transient 
developmental expression of psychosis may persist and become clinically 
significant depending on the level of exposure to risk factors. Thus, research 
evidence has proposed that PLEs are continuous with psychotic disorders as a 
result of similarities between clinical and non-clinical populations in terms of shared 
risk factors, neuropsychological and neurophysiological abnormalities (Kelleher 
and Cannon, 2011; Krabbendam et al, 2004).
In contrast, the fully dimensional approach suggests that psychotic-like 
experiences are a part of personality and range from normal functioning to disorder 
(Claridge et al, 1996). Lauronen et al (2004) suggested that the schizophrenia 
spectrum is associated with creativity up to a point, where the relationship is then 
attenuated as the individual moves along the continuum towards frank psychosis. 
Research to support this view has found that positive schizotypal traits, such as 
unusual perceptual experiences and magical beliefs are related to artistic creativity, 
whereas negative schizotypal traits, such as physical and social anhedonia have 
been associated with mathematical or scientific creativity (Yung et al, 2009; Nettle,
2006).
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1.14.1. The Prodrome
As the prevalence of schizophrenia in the general population is 1%, various high 
risk approaches have been developed to enrich the study sample with individuals 
who may display vulnerability to schizophrenia (Niemi et al, 2003). The prodromal 
or ‘ultra high-risk’ (UHR) approach assesses individuals in the period immediately 
preceding a putative first psychotic episode (Corcoran et al, 2010). This high-risk 
method investigates the risk factors modulating the expression of psychotic 
symptoms in clinical and non-clinical populations (Niemi et al, 2003). The rationale 
for this approach is based on previous retrospective studies which reveal that 75% 
of first episode patients experience prodromal symptoms (Corcoran et al, 2011).
According to Yung and McGorry (1996), the prodrome can be characterised 
by the presence of sub-threshold psychotic symptoms in attenuated form, 
accompanied by a significant decline in functioning. The prodromal period can last 
from less than a year up to several years (Woods et al, 2001). There are three 
prodromal syndromes as defined by the Structured Interview for Prodromal 
Syndromes (SIPS); 1) Brief intermittent psychotic state (BIPS), 2) Attenuated 
Psychotic Symptoms (APS) and 3) Genetic Risk and Deterioration (GRD). These 
syndromes are not mutually exclusive, such that an individual can meet criteria for 
more than one syndrome. The criteria which must be met for prodromal or ultra 
high risk status are 1) the onset of positive psychotic symptoms in the past year 
and 2) must have been present in the past month. Symptoms must have 3) 
worsened in the past year and 4) occur on average once per week, 5) causing 
distress and interference in the normal daily routine (Corcoran et al, 2010).
1.14. At-Risk Populations
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Prodromal criteria require that the individual has never been previously psychotic 
and that the symptoms are not better explained by a DSM Axis I or Axis II disorder 
(Woods et al, 2010). The BIPS criteria include individuals who have experienced 
frank psychotic symptoms that have lasted no longer than one week and have 
spontaneously subsided (Nelson et al, 2011). Criteria for genetic risk and 
deterioration includes individuals who have a first-degree relative with a psychotic 
disorder or who meet criteria for a schizotypal personality disorder in addition to a 
significant decline in functioning during the previous year (Nelson et al, 2011).
Within each prodromal syndrome there are three stages: 1) a nonspecific 
stage characterised by anxiety- and mood-related symptoms; 2) an early 
prodromal phase with predominant negative symptoms and cognitive deterioration; 
and finally 3) a late prodromal stage with sub-threshold positive psychotic 
symptoms (Frommann et al, 2011; Hafner et al, 1997; Woods et al, 2001). The 
ultra high-risk status corresponds to the late prodromal stage, which is 
characterised by attenuated psychotic symptoms and brief limited intermittent 
psychotic symptoms (BLIPS) (Frommann et al, 2011). The rates of transition in this 
risk state are 30-35% within a follow-up period of 1-3 years (Frommann et al, 2011; 
Cannon et al, 2008; Cornblatt et al, 2003). However, the rates of transition have 
been decreasing overtime (from 1995 to 2000), especially in individuals who meet 
both the APS and GRD criteria (Nelson et al, 2011; Yung et al, 2007).
According to Woods et al (2001), early intervention and identification of 
individuals in the prodromal stage of illness is warranted as these individuals are 
help-seeking and are experiencing distress as a result of their symptoms. 
Furthermore, the ability to identify individuals in the prodromal stage has recently
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yielded higher rates of predictive validity for risk of schizophrenia (Woods et al,
2001). However, there are some disadvantages to the prodrome or UHR approach. 
1) Within the definition of the prodrome, it is implied that functional decline has 
already occurred. Therefore, the observed decline in functioning in the prodrome 
may be irreversible at this stage and may have already passed the point for 
effective prevention. 2) A second limitation of studying prodromal samples is that 
they are help-seeking and are recruited from specialised clinics. Although this 
strategy leads to an enriched sample, it limits the generalisability of the results to 
the general population. 3) A third limitation to the 'prodromal’ approach is that 
individuals tend to be recruited at the end of adolescence and followed into young 
adulthood (Lawrie et al, 1999). 4) Sample size is another obstacle to overcome 
when conducting research on prodromal individuals as the annual incidence rate of 
new cases is no more than one case per 10,000 in the general population 
(Addington et al, 2007). Although multisite collaborations are a favourable 
alternative to this problem, investigating large numbers from the general population 
is a convenient method of identifying individuals possibly at-risk for a psychotic 
disorder. 5) Finally, inherent in the concept of risk for schizophrenia is the 
inevitable identification of high rates of false positives. That is, the majority of 
individuals classified as being at-risk will not develop a psychotic disorder. 
Individuals defined as being at-risk may progress to psychosis, develop another 
DSM-IV disorder, continue being at-risk or may go into remission on their own 
(McGlashan et al, 2001). An alternative approach which addresses some these 
disadvantages is to study individuals with psychotic-like experiences.
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1.14.2. Psychotic-like Experiences in the General Population
Van Os and colleagues (2009; 2002; 1999) have demonstrated that self-reported 
psychotic-like experiences are common in non-clinical populations, with a median 
prevalence rate of 5-8% in the general population. Mental health surveys and birth 
cohort studies have found varying endorsement rates of psychotic items on self- 
report questionnaires in the general population. The National Comorbidity Survey 
(Kendler et al, 1996) found that 28.4% of a sample from the general population 
endorsed at least one question exploring psychotic symptoms. The Dutch 
NEMESIS (van Os et al, 2000) and the Dunedin Birth Cohort (Poulton et al, 2000) 
studies revealed that 17.5% and 20.1%, respectively, of subjects from the general 
population reported at least one psychotic experience. Hanssen et al (2003) also 
reported prevalence rates of 18.1% of any type of psychotic symptom in the 
general population. Finally, Neuvo et al (2010) conducted a study to assess the 
cross-national prevalence of PLEs in the general population and found prevalence 
rates ranging from 0.8-31.4%. In the absence of illness, these symptoms are 
known as psychotic-like experiences (PLEs) or subclinical psychotic symptoms 
(Kelleher and Cannon, 2011). Thus, individuals diagnosed with a clinical psychotic 
disorder may represent only a small proportion of the psychosis phenotype at the 
extreme end of the continuum.
1.14.3. Psychotic-Like Experiences in Adolescents
Adolescence is a critical time period that is associated with increased vulnerability 
to psychopathology, in particular to the development of psychosis (Thompson et al, 
2004). As previously discussed, a broad range of risk factors for schizophrenia
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have been identified in individuals reporting psychotic-like experiences. These risk 
factors include adverse childhood experiences (Kelleher et al, 2008; Lataster et al,
2006), substance abuse (Harley et al, 2010; Henquet et al, 2005), obstetric and 
developmental impairments (Blanchard et al, 2010; Zammit et al, 2009; Clarke et 
al, 2006) and neuroanatomical abnormalities associated with the development of 
schizophrenia (Jacobson et al, 2010; Friston and Frith, 1995).
Studies with adolescents have reported high prevalence rates of sub-clinical 
psychotic symptoms (Laurens et al, 2007; Yoshizumi et al, 2004; Poulton et al, 
2000). Dhossche et al (2002) reported that 44% of adolescents who experienced 
auditory hallucinations were diagnosed with a psychiatric disorder in adulthood 
compared to those without such experiences. Poulton et al (2000) reported that 
adolescents reporting psychotic-like experiences at age 11 were at 5- to 16-fold 
increased risk for a psychotic disorder in adulthood. In this group, 25% met the 
diagnostic criteria for schizophreniform disorder at age 26, which was a higher risk 
than found for children with a psychotic parent (Cannon and Clarke, 2005). 
Welham et al (2009) also reported that psychotic-like experiences at age 14 years 
were related to an increased risk for a psychotic disorder at age 21 years. As the 
presence of psychotic symptoms in adolescence increases risk for subsequent 
psychosis in adulthood, investigating adolescents presenting with psychotic-like 
experiences may provide valuable information for studying the developmental 
trajectory to psychosis (Kelleher and Cannon, 2011). This at-risk approach is a 
unique paradigm for investigating vulnerability to psychosis within a developmental 
context and may elucidate potential indicators for the onset and progression of
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deficits in the early stages of psychosis (Jacobson et al, 2010; Sabb et al, 2009; 
Whalley et al, 2006).
The developmental impairments evident in individuals with schizophrenia 
throughout the lifespan have been found to a lesser degree in at-risk populations. 
Environmental risk factors, along with cognitive deficits, aberrant neural activity and 
structural deficits are present in prodromal individuals, first-episode patients, first 
degree relatives, genetically at-risk individuals and in those at ultra high risk. These 
risk factors have also been identified in adolescents and adults reporting psychotic- 
like experiences in the general population. The similarity in cognitive deficits and 
environmental risk factors observed in these at-risk groups compared with 
individuals with schizophrenia provide evidence that schizophrenia may indeed be 
neurodevelopmental in origin. As the neurodevelopmental hypothesis predicts that 
the onset of psychotic symptoms in adolescence results from anomalies in normal 
brain maturational processes, this model provides a sufficient impetus to examine 
non help-seeking adolescents reporting psychotic-like experiences from the 
general population. Longitudinal studies have established strong associations 
between psychotic-like experiences in adolescence and the development of a 
psychotic disorder in adulthood. For example, in the Dunedin birth cohort, 42% of 
11 year olds who reported one or more psychotic symptoms had developed 
schizophreniform disorder at 26 years (Poulton et al, 2000).
The results from previous studies reporting high prevalence rates of PLEs in 
the general adolescent population provide a further rationale to study this age 
group in order to identify any impairment in neurophysiological correlates of 
sensory and cognitive processes. This approach has the potential to distinguish
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between those in the general population who have an increased risk of developing 
schizophrenia from those who may not by examining the same risk factors that 
have been identified in patients with schizophrenia. Identifying these risk factors in 
this ‘at-risk’ group would provide evidence that these adolescents may be on the 
same trajectory as those who develop schizophrenia in adulthood. Also, identifying 
those at-risk for subsequent psychosis presents the possibility of preventing or 
reducing abnormal development and the resulting disability.
1.15. Aims of the Thesis
The overall aim of this thesis is to examine the neural bases of language 
processing, response inhibition and pre-attentive auditory change detection in 
adolescents presenting with psychotic-like experiences. These domains will be 
assessed using event-related potentials to identify the neurophysiological 
mechanisms underlying sensory and cognitive information processing in individuals 
who may be vulnerable to psychosis. This study builds on the existing 
neurophysiological research characterising adolescents with PLEs and seeks to 
determine whether this group exhibit neurophysiological and cognitive 
abnormalities akin to adults with schizophrenia and individuals at-risk for the 
disorder. These aims will be achieved through a series of experiments that will 
employ electrophysiological techniques in conjunction with behavioural data from 
computer tasks designed to examine the cognitive functions of interest. Chapter 2 
contains a review of the methods employed in the experimental chapters, along 
with an explanation of the mechanisms underlying the generation of event-related 
potentials. This chapter also outlines the recruitment process and provides details
of the clinical interview and the neuropsychological test battery. Chapters 3-6 
employ event-related potentials to explore the neurophysiological correlates of 
auditory discrimination, response inhibition, semantic comprehension and receptive 
language, respectively. Finally, Chapter 7 discusses the overall findings from the 
experimental chapters in relation to the existing literature and considers the 
practical and theoretical implications of the results.
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2C h a p t e r  II
General Methods
The aim of this chapter is to provide a more comprehensive insight into the 
methods employed throughout the thesis that is beyond the scope of the 
experimental chapters. This chapter describes the participant recruitment 
procedure, the subsequent clinical interview, the neuropsychological battery of 
tests and the consensus meeting held afterwards. The range of tasks 
completed by the participants in the EEG session is outlined. A brief history of 
human electrophysiology and the physiology of EEG are provided, followed by a 
description of the core principles underpinning the generation of event-related 
potentials. The chapter concludes with a detailed account of the EEG protocol 
followed in each of the experimental tasks, from the set-up and recording of the 
EEG to the processing and data analysis of the ERPs.
Abstract
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To define our sampling frame, a list of primary schools was obtained from the 
Department of Education and Science website (www.education.ie) . Two areas 
(County Kildare and Fingal, an area on the north side of County Dublin) were 
selected from this list that comprised both rural and urban regions. School 
selection was based on the size (>400 pupils) and location (ideally within 15km 
distance from one of the two testing centres). The testing centres were based in 
Beaumont Hospital in north County Dublin and in the National University of 
Ireland, Maynooth in County Kildare. Thirty-five schools were contacted via a 
letter and permission was granted from sixteen principals to recruit adolescents 
in the 10-13 year age range for participation in the Adolescent Brain 
Development (ABD) Study. The schools who participated did not differ 
significantly to those who did not in terms of socioeconomic status, school size, 
urban location and the number of pupils (further information is provided in 
Kelleher et al, 2011).
The ABD study was divided into two stages; the first stage assessed the 
prevalence of psychotic-like experiences (PLEs) in children aged between IQ- 
13 years old, and the second stage further examined reports of such PLEs in a 
clinical interview. Another branch of the study was developed to assess neural 
function in this sample of adolescents using event-related potentials. The 
recruitment process took place over two days with a one to two week period 
between the first and second day. The first day involved an information session 
and distribution of consent forms and the screening questionnaire was 
administered on the second day. A short ten minute PowerPoint presentation 
about adolescent brain development was presented on the first day to the two 
most senior classes of the school, aged 10-13 years. Information leaflets and
2.1. Recruitment Process
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consent forms (see Appendices 1 and 2) were distributed to 2190 adolescents 
interested in participating in the study. On the consent form, parents were 
requested to select the first box if they would like their child to participate in the 
first part of the study, which took place in the classroom. Parents were also 
asked to mark a second box and provide their postal address if they would like 
to receive more information about the following stage of the study.
On returning the second day, 1131 (51.6% of those distributed) consent 
forms were collected and a questionnaire enquiring about psychotic-like 
experiences was administered and completed in the classrooms. For 
confidentiality, the students were instructed to fill out the questionnaire on their 
own without consulting anyone else. The students were informed that they 
could ask the researcher any questions. The questionnaire utilised was the 
Adolescent Psychotic-like Symptom Screener (APSS) (Kelleheret al, 2011), 
which asked the questions such as ‘Have you ever seen things that other 
people could not see?' or ‘Have you ever had messages sent just to you 
through TV or radio?’ to assess psychotic symptoms such as delusions and 
hallucinations. The APSS questionnaire consisted of 4 questions, which were 
taken from the Diagnostic Interview Schedule for Children (DISC) and were also 
used in the Dunedin birth cohort study (Poulton et al, 2000; Costello et al,
1985). The three remaining questions examined grandiosity, visual 
hallucinations and delusions of control. There were 3 possible responses to 
each question: “Yes, definitely,” “Maybe,” and “No, never.” The Strengths and 
Difficulties Questionnaire (SDQ) (Goodman, 1997) was also distributed to 
assess emotional and conduct problems, along with inattention/hyperactivity, 
and peer relationship problems. For example, questions included ‘I worry a lot’,
‘I get very angry and lose my temper’ or ‘I have many fears, I am easily scared’
with the option of responding ‘no, never', ‘maybe’, or ‘yes, definitely’. The APSS 
and the SDQ were combined to form the Adolescent Brain Development 
questionnaire (see Appendix 3).
2.1.1. Clinical Interview
A letter detailing the study was posted to the parents who selected the box to 
participate in the second part of the study. Of the 1131 adolescents who 
completed the first part of the study, 656 (58%) adolescents and their parents 
provided information to be contacted about the study and were invited to 
participate. In total, 212 (32% of those agreeing to participate) adolescents and 
their parents were interviewed. There was no difference between the 
participants who completed both parts of the study and those who only 
completed the first part in terms of SDQ and APSS scores. Prior to conducting 
the interview, a brief description of the study was given and ample time was 
allowed for the participant and their parent to ask any questions. The parent and 
the interviewer read the consent form and each signed two copies, one for the 
parent and one for the study’s records. Also, the interviewer read the consent 
form with the participating child and two copies were also signed by the 
participant. Both the parent and the child were informed of their right to 
withdraw their participation at any time and that confidentiality was upheld in 
each separate interview and no information provided by the child in their 
interview was discussed in the interview with the parent. In exceptional 
circumstances, particularly where the safety of an individual was under threat, 
both the parent and child were informed that the interviewer was legally bound 
to break that confidentiality. No diagnoses were made based on the interview 
results. However, if convincing evidence of an underlying disorder was present
in the child, the parent was informed and a letter of referral was provided for 
their local GP.
The interview instrument used in this study was the Kiddie-Schedule for 
Affective Disorders and Schizophrenia for School-aged Children-Present and 
Lifetime Versions (K-SADS-PL) (Kaufman et al, 1996). The K-SADS-PL is a 
well-validated semi-structured interview for the investigation of all Axis-I 
psychiatric disorders in children and adolescents, according to DSM-IV criteria 
(Kaufman et al, 1996). The children and their parents or legal guardians were 
interviewed individually and answered the same questions regarding the child. 
Due to time constraints, the anxiety and behavioural disorder interview sections 
were completed with the parents only. Interviews assessing for the presence of 
psychopathology were conducted by psychologists who were qualified in 
conducting the K-SADS interview. The psychosis section of the K-SADS 
enquired about current and past experiences of PLEs (see Appendix 4). 
Endorsement of questions on the APSS screener was also probed in detail 
using the psychosis supplement of the K-SADS interview. Most of the items in 
the K-SADS-PL are scored with a 0-3 point rating scale. Scores of zero indicate 
that no information is available; a score of one suggests that the symptom is not 
present; a score of two shows that sub threshold levels of symptomatology are 
present and a score of three represents threshold criteria (Kaufman et al, 1996). 
Otherwise, the scoring was on a 0-2 point scale, where zero indicated that no 
information was available; a score of 1 specified that a disorder was not present 
and a score of 2 indicated the presence of a disorder.
The administration of the K-SADS-PL included 1) an unstructured 
introductory interview, 2) a diagnostic screening interview, 3) the supplement 
completion checklist; 4) the appropriate diagnostic supplements, 5) the
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summary lifetime diagnosis checklist and 6) the Children’s Global Assessment 
Scale (C-GAS) ratings (Kaufman et al, 1996). The introductory interview, which 
takes approximately ten minutes, is designed to establish rapport and to obtain 
information on the child’s global functioning. Data are gathered on demographic 
and health details, previous contact with psychiatric services, school 
performance, hobbies and peer and family relationships. The screen interview 
assesses for the principal symptoms of the various diagnoses in the K-SADS- 
PL. The symptoms assessed are simultaneously rated as current and most 
severe past episodes. If the participants obtained a rating of 3 on any given 
symptom, the corresponding supplements were completed following the 
screening interview. The diagnostic screening interview covered areas such as 
Major Depressive Disorder (MDD), Mania, Psychosis, Phobias and Anxiety 
disorders etc. If the participant received a score of three on either the current or 
past ratings of any item in a section, the checklist was marked for the 
appropriate supplement to be completed following the screen interview.
There are five supplements accompanying the K-SADS-PL including, 
affective disorders, psychotic disorders, anxiety disorders, behavioural 
disorders and substance abuse and other disorders (Kaufman et al, 1996). The 
supplements are completed in the order that symptoms for different disorders 
first appeared as it was important to delineate if one disorder may have 
influenced the course of another. The summary lifetime diagnoses checklist 
allows for the recording of each diagnosis, evidence of a current or past 
episode, age when the first and current episodes first appeared and the total 
number and duration of episodes. The Children’s Global Assessment Scale (C- 
GAS; Shaffer et al, 1983) ratings were combined after all the data and 
discrepancies in the informant’s reports were resolved. When no evidence of
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current or past psychopathology was suggested, the interview ceased following 
the introductory interview. The C-GAS scores ranged from 1 to 100, with a 
score of 1-10 indicating that the subject needs constant supervision to a score 
of 91-100 indicating superior functioning in all areas (see Appendix 5). The 
Summary Lifetime Diagnosis Checklist included the criteria for diagnosis of a 
past or current disorder, which covered all Axis I disorders. Scores for the 
criteria ranged from 0-4 with zero indicating no information; 1 representing a 
disorder not present; 2 indicating a probable diagnosis; 3 indicating partial 
remission and 4 indicating a definite diagnosis. The criteria for a probable 
diagnosis included meeting criteria for primary symptoms of a disorder, or 
meeting all but one of the remaining criteria required for the diagnosis or 
experiencing functional impairment.
2.7.2. N e u r o p s y c h o lo g ic a l  B a t te r y
The neuropsychological battery was administered in years 2 and 3 but not in 
year 1. As the MATRICS neuropsychological test battery was not available until 
year two, a battery of eight tests examining similar cognitive functions was 
administered in year one (more detail is provided in Blanchard et al, 2010). 
Following the interview, neuropsychological battery of tests was administered to 
participants, which lasted for one hour. Prior to the neuropsychological battery, 
the participant handedness was recorded.The MATRICS Consensus Cognitive 
Battery (MCCB, Kern et al, 2008; Nuechterlein et al, 2008) was employed to 
examine neuropsychological function. This cognitive battery, termed 
“Measurement and Treatment Research to Improve Cognition in Schizophrenia" 
(MATRICS) was originally designed to assess the efficacy of medication 
developed to improve cognition in schizophrenia (www.matricsinc.org) . The
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MCCB is intended to evaluate the core cognitive domains that are deficient in 
schizophrenia and other disorders. This battery has multiple uses such as a 
measure of outcome for clinical trials of drugs designed to improve cognition in 
schizophrenia; as a measure of cognitive remediation; or as a reference point 
for non-intervention studies of schizophrenia and related disorders 
(www.matricsinc.org). The domains examined in this battery overlapped with 
those assessed in the previous year’s battery. This battery of tests assessed 
seven cognitive domains including speed of processing, working memory, 
reasoning, problem solving, verbal and visual learning, attention/vigilance and 
motor coordination. A final test of social cognition is included in the MATRICS 
but this task was excluded from the battery as a separate battery of social 
cognition tasks was performed. The cognitive domains assessed by the 
MATRICS are outlined below.
1) Executive Function or speed of processing was examined via the Brief 
Assessment of Cognition in Schizophrenia-Symbol Coding (BACS-SC) (Keefe, 
2004), a Category Fluency test of animal naming (Morris, 1989) and the Trail 
Making Test, part a (TMTa) (USA Army Individual Test Battery, 1944).
•  Brief Assessment of Cognition in Schizophrenia is a symbol coding test 
that involves writing numbers that correspond to nonsense symbols as 
quickly as possible for a 90 second period (Keefe, 2004). Although 
visuomotor speed is the primary determinant of performance, the ability 
to remember the paired symbols and numbers also plays a role in 
performance.
• The Animal Naming test is a measure of category fluency, where the 
participant is required to name as many animals as possible within a 60 
second time limit.
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• The Trail Making Test: Part A is a brief, timed test of visual scanning and 
visuomotor tracking that is an index of speed of processing. Part A  
involves connecting sequential numbers that are arranged in irregular 
locations on a sheet of paper.
2) Attention/Vigilance was measured by the Continuous Performance Test- 
Identical Pairs (CPT-IP) (Cornblattet al, 1989).
• Continuous Performance Test-Identical Pairs is a computerized measure 
of sustained attention or vigilance. This version involves monitoring a 
series of multiple digits as they appear briefly on a computer screen and 
responding with a button press each time that two stimuli presented in a 
row are exactly the same.
3) Working Memory. Nonverbal working memory was measured via the 
Wechsler Memory Scale: Spatial Span (WMS-III SS; Wechsler, 1991) and 
verbal working memory was assessed by the Hopkins Verbal Learning Test- 
Revised (HVLT-R) (Brandt and Benedict, 2001) and the Letter-Number Span 
(LNS) (Gold et al, 1997).
• The Wechsler Memory Scale: Spatial Span measures nonverbal working 
memory by testing the participant’s ability to remember the locations of a 
sequence of blocks to which the administrator points. Spatial span is a 
visual analogue to the digit span test. The spatial span board features 
ten cubes, with numbers (1-10) printed on one side of the block, of which 
only the administrator can see. For spatial span forward, the 
administrator touches the blocks in a specific sequence and requests 
that the participant repeat the exact same sequence. For spatial span 
backward, the participant is required to tap the sequence in reverse order 
to that of the administrator.
• The Hopkins Verbal Learning Test-Revised measures immediate recall 
of word lists. It is used as an index of verbal learning.
• The Letter-Number Span requires mental reordering of orally presented 
lists of intermixed letters and numbers before repeating them back to the 
administrator. This measure of verbal working memory requires 
maintenance and manipulation of working memory (Baddeley, 1986).
4) Abstract Reasoning & Problem Solving. The Brief Visuospatial Memory Test- 
Revised (BVMT-R) (Benedict, 1997) measured visual learning; reasoning and 
problem solving were assessed by the Neuropsychological Assessment Battery 
(NAB): Mazes (White and Stern, 2003).
• The Brief Visuospatial Memory Test-Revised examined visual learning 
and memory using immediate recall of six geometric visual designs. 
Following a study period often seconds, the participant is required to 
reproduce the geometric patterns on a blank sheet without the aid of the 
study array.
• The Neuropsychological Assessment Battery: Mazes assesses foresight, 
planning and impulse control, which are indexes of reasoning and 
problem solving.
Following completion of the second stage of the study, each participant and 
their parent/guardian were informed about an EEG study taking place during the 
months of July and August. Those expressing an interest were contacted one 
week later via telephone and a letter was sent to the parent and the participant 
with detailed information on the EEG procedure (see Appendices 6 and 7).
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Following the K-SADS interview, a consensus meeting was held between three 
independent raters (i.e. two psychiatrists and one psychologist) to evaluate the 
interview data. The raters examined the psychosis section of the K-SADS for 
each participant but did not review any other data and were also blind to any 
psychiatric diagnoses. Based on the clinical judgment of the three raters, 
participants were classified as having either no psychotic-like experiences, 
weak PLEs or strong PLEs. The criteria employed to distinguish between strong 
and weak PLEs are presented in Appendix 8. The strong psychotic-like 
experiences were hypothesised as being associated with increased risk for a 
psychotic disorder. The analysis of the interview data revealed that 52.8%  
(n=112) of participants reported no experiences of PLEs, 22.2% (n=47) reported 
weak PLEs and 25% (n=53) reported strong PLEs. Of the total number of 
participants from the EEG sample (n=89), 47 (52.8%) reported no PLEs, 27 
(30.3%) had strong PLEs and 15 (16.8%) had weak PLEs. As the presence of 
psychotic-like experiences in adolescence is related to an increased risk for 
developing a psychotic disorder in adulthood, the participants with strong 
psychotic-like experiences are referred to as an ‘at-risk’ group throughout the 
thesis and those without any such symptoms are referred to as a control group.
The most commonly reported strong PLEs in the K-SADS interview were 
auditory hallucinations, which were accompanied by some form of delusional 
beliefs (see Appendix 9 for examples). Strong PLEs referred to experiences of 
hallucinations and/or delusions. Auditory hallucinations that were deemed as 
clinically significant included voices commenting on behaviour, a voice giving 
commands, voices conversing, whispering voices and voices at varying 
volumes where the words cannot clearly be distinguished by the individual.
2.1.3. C o n s e n s u s  M eeting
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Examples of weak auditory hallucinations included hearing your thoughts aloud 
(i.e. g e d a n k e n la u tw e r d e n ) ,  hearing your name being called when no-one has 
called it, hearing music when no music is playing, hearing the doorbell or the 
telephone ring while the TV or radio are playing, and hearing footsteps or 
knocking. These PLEs are classed as weak unless they cause distress or are 
accompanied by delusional ideation. Visual hallucinations that are classed as 
strong PLEs include seeing ghosts, people, faces or aliens. A common illusion 
such as seeing a coat from the corner of one’s eye and momentarily thinking it 
was a person is not classed as a PLE. Hypnagogic and hypnopompic 
hallucinations are also not classed as PLEs. However, more elaborate illusions, 
for example thinking that a face in a picture or poster had been moving, are 
classed as weak PLEs. Tactile olfactory and gustatory hallucinations are usually 
considered as weak PLEs unless they are accompanied with delusional 
attributions or distress. Delusions that are classed as strong PLEs include 
feelings of being watched, unfounded ideas that others are saying negative 
things about the individual (which are distinguished from paranoia and self- 
consciousness), and a belief that ghost is communicating directly with the 
individual. Weak delusions include beliefs that one can read minds or can 
predict the future, a strong belief that the world is going to end or a persistent 
feeling that something strange is going on.
2 .1 .4 . E E G  T e s t in g
The participants were invited to National University of Ireland, Maynooth (NUIM) 
for an EEG session approximately two weeks following the interview and 
neuropsychological testing. Participants and their parents were briefed about 
the session and both the parent and the child completed consent forms (see
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Appendices 10 and 11). The total time taken to set up and record the EEG was 
two and a half hours, with one hour of data recording time in total. The 
researchers were blind to the results of the K-SADS interview and were thus 
unaware of whether the participants belonged to the control or at-risk groups. 
The tasks were chosen as they elicited ERPs that have previously been 
identified as vulnerability markers for psychosis. The tasks completed were the 
British Picture Vocabulary Scale-2nd Edition (BPVS-II) task of receptive 
language, a duration deviant mismatch negativity (MMN) task, a Go/NoGo task, 
and a sentences task.
2.2. Current EEG Settings
For each experimental task, electrophysiological recording was performed at 
the Department of Psychology at NUI Maynooth. The EEG signal was recorded 
with silver/silver chloride electrodes (BrainVision©) that were positioned in a 64 
channel electrode cap and tightened with a chin strap (Easy-Cap©). Electrolyte 
gel (Abralyt, 2000) was inserted into each channel on the cap. Horizontal eye 
movements (HEOG) were recorded by electrodes positioned at the outer 
canthus of each eye (see Figure 2.8). Vertical eye movements (VEOG) were 
recorded by electrodes located above and below the left eye (see Figure 2.8). 
The reference electrode was placed on the nasion of the nose. Skin was lightly 
abraded to obtain an impedance level below 10kQ. After the 
electrophysiological preparation, participants were seated in an electrically 
shielded and sound proof cubicle (150cm x 180cm). Participants were 
positioned approximately one and half feet from the computer with access to a 
mouse, keyboard or button box for responses.
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EEG data were collected using the extended version of the International 
10-20 system for electrode placement (American Encephalographic Society, 
1999; see Figure 2.9). The EEG signal was amplified with a band-pass filter of 
0.16-100HZ and a gain of 1000. The amplifier used was supplied by 
BrainVision©. EEG data were digitised at a sampling rate of 500. The 
conversion rate was 2000Hz per channel and the range was 150mV. Filters 
were set at a low cut off of 0.53Hz and a high cut off of 30Hz. Recordings were 
notch filtered offline at 50Hz. Blinks were averaged off-line and an EOG 
automatic artifact rejection algorithm was applied to the data.
F ig u r e  2 .1 :  An example of a Hlgh-Density ERP Cap. Diagram depicts electrodes 
recording HEOG and VEOG activity with the nasion as a reference. Permission 
for use obtained from the NUIM Psychology Department 2011.
HEOG
F ig u r e  2 .2 : The International 10-20 system for electrode placement. 
Reproduced from www.easvcap.de; Accessed 27th July 2011.
Each task was presented using E-Prime presentation software. E- 
Prime© logged accuracy and reaction times for each participant as they 
occurred in real time and sent transitor-transitor logic (TTL) or voltage triggers 
via a parallel port connection to a separate EEG acquisition computer. Reaction 
times were recorded for all trials and were measured as the time between the 
offset of the stimulus and the onset of the response. The EEG data was pre- 
processed and averaged using Brain Electrical Source Analysis software 
(BESA©). Stimulus-locked average ERPs were calculated by averaging the 
EEG signal using stimulus presentation as the trigger and response-locked 
average ERPs used the participant’s motor response as the trigger. In BESA, 
electrodes selected for statistical analyses were based on those chosen in 
previous studies and also on the observed scalp distribution.
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2.3. Statistical Analyses
Grand average waveforms were compiled across the 64 channels for each 
condition of the tasks and group. Mean amplitude and peak latency values were 
obtained for stimulus presentation and participant’s responses. The time 
windows for each component were based on those outlined in previous 
research articles and were slightly altered resulting from visual inspection of the 
data. Repeated-measures analysis of variance (ANOVA) was conducted on the 
mean amplitude and peak latencies of the data within the groups, with 
Greenhouse-Geisser corrections employed when the assumption of sphericity 
was violated. Independent measures and paired t-tests using Bonferroni 
correction were conducted for further analysis of effects that emerged from the 
ANOVAs. Correlational analyses were also performed between the results of 
the MATRICS/global functioning data and the mean amplitudes and latencies of 
the recorded ERP data. A third group of participants with weak psychotic-like 
experiences were included in a separate exploratory analysis, where non- 
parametric tests were performed due to the low participant numbers in this 
group. Kruskal-Wallis and Mann Whitney U tests were conducted to compare 
this group to the participants with strong psychotic-like experiences (i.e. the ‘at- 
risk’ group) and the control group.
2.4. Summary of Methods
In this chapter, the recruitment procedure, clinical interview, and the 
neuropsychological battery employed in this thesis have been outlined, along 
with the tasks involved in the EEG session. The background and theory behind 
EEG and event-related potentials, along with a brief history of electrophysiology 
has also been provided. Furthermore, the underlying physiology of ERPs, as
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well as the advantages and disadvantages of the technique compared to 
behavioural measures and other physiological techniques have been explored. 
And finally, the set-up and recording of the ERPs and the analysis techniques 
have been described.
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C h a p t e r  I I I
Mismatch Negativity: An ERP 
Study of Early Auditory 
Information Processing
This chapter investigates the mismatch negativity (MMN) component in 
adolescents with strong psychotic-like experiences (PLEs) in comparison to a 
group of controls. MMN indexes sensory processes such as pre-attentive 
auditory discrimination and deviance detection. These processes are deficient 
in patients with schizophrenia as well as in individuals at-risk for developing a 
psychotic disorder. The MMN paradigm utilised in this chapter was a two tone 
duration deviant task, where the deviant tone was 25ms longer than the 
standard tone. The MMN at fronto-central and temporal regions was examined 
as a difference waveform, where the ERP responses to the standard tones 
were subtracted from the ERP responses to the deviant tone. The P3a 
component was also examined as a function of an orienting response to a novel 
stimulus. The adolescents with strong PLEs or the ‘at-risk’ group was 
characterised by reductions in MMN amplitude across frontal and temporal 
regions. MMN latency and the P3a component were not affected in this group in 
comparison to the controls.
As the MMN is associated with deficient higher order cognitive and social 
functioning, correlation analyses were undertaken to determine if a relationship 
existed between these measures and the amplitude and latency of the MMN 
component. MMN amplitude and latency in both groups was associated with 
speed of processing and sustained attention/impulsivity, with the MMN also 
being related to verbal working memory in the control group. Larger P3a 
amplitude was related to higher global functioning scores, whereas no 
relationship was found between MMN and CGAS scores. Finally, exploratory 
analyses including a third independent group of participants reporting weak
Abstract
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PLEs revealed similar performance between the weak PLE group and the 
controls. The findings are discussed in relation to the existing literature in 
schizophrenia.
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3.1. Introduction
Cognitive dysfunction is a core feature of schizophrenia, which precedes the 
onset of the first psychotic episode and is present in individuals at-risk for 
psychosis. As previously discussed in Chapter 2, the most prominent 
components of cognitive dysfunction include memory, attention, problem­
solving, speed of processing, and social cognition (Nuechterlein et al, 2004). 
However, impaired performance in higher order cognitive domains also extends 
to deficient information processing at the sensory and pre-attentive level 
(Umbricht and Krljes, 2005). Deficient processing of sensory information has 
been suggested as an important pathophysiological mechanism for the 
development of schizophrenia, which may underlie clinical symptomatology and 
impairments in higher order cognitive and psychosocial functioning (Javitt,
2009; Braff and Light, 2004). In particular, deficient processing of auditory 
information may be one of the most reliable indicators of vulnerability to 
psychosis. Reductions in the pre-pulse inhibition and P50 sensory gating 
mechanisms (Brockhaus-Dumke et al, 2008; Cadenhead et al, 2005; Bramon et 
al, 2004b; Braff et al, 2001), the auditory P300 (Van Der Stelt et al, 2005; Jeon 
and Polich, 2001) and the mismatch negativity (Michie et al, 2002; 2000) event- 
related potentials are among the most replicated and robust findings in patients 
with schizophrenia, as well as in at-risk populations.
Mismatch negativity (MMN) is an index of pre-attentive auditory 
processing, which is elicited by any discriminable change in a repetitive 
background of auditory stimuli (Naatanen and Tiitinen, 1998; Winkler et al,
1996). The MMN is an early negative event-related potential (ERP) that is 
maximal over fronto-central areas of the scalp and typically peaks between 100-
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250ms following the presentation of an infrequent or deviant stimulus. A deviant 
stimulus may differ on a range of auditory dimensions, such as frequency 
(pitch), duration, intensity or location (Cheour, 2008; Naatanen et al, 1995). The 
MMN can also be elicited in response to more complex acoustic features such 
as changes in phonetic information, abstract relationships or patterns and 
temporal features such as the interstimulus interval (Stephan et al, 2006; 
Naatanen, 1995). It has been suggested that the MMN can be elicited 
independent of the participant’s attention or awareness and does not require 
any behavioural overt response (Light et al, 2007; Naatanen et al, 1993). 
Although some studies suggest the mismatch negativity is modulated by 
attention (Waldorff et al, 1998); MMN responses observed in coma patients, in 
REM sleep and in the foetus support the pre-conscious hypothesis of the MMN 
(Cheour, 2008).
MMN can be conceptualised as a correlate of the integrity of the sensory
memory network as it is only generated when an incoming deviant stimulus is
compared to an established memory trace of the standard stimulus (Kujala et al,
2007). In other words, the MMN is not elicited when a deviant stimulus is
presented after a single standard stimulus (Cowan et al, 1993). Short term
sensory memory is one of the simplest components of working memory, where
the physical components of an auditory stimulus such as the pitch, intensity and
duration are retained in memory. The MMN increases in amplitude with
increasing repetitions of standard tones which strengthens the memory trace as
a result (Javitt et al, 1998; Imada et al, 1993). The duration of the memory trace
(until the MMN waveform is no longer observed) is thought to be approximately
ten seconds, which matches the estimated duration of auditory sensory memory
(Naatanen, 2000). Therefore, MMN is considered as an indirect indicator of
82
auditory sensory or ‘echoic’ memory and of context-dependent information 
processing at the level of the auditory cortices (Umbricht and Krljes, 2005).
MMN generators have been located in the primary and secondary 
auditory cortices as well as in the prefrontal cortex (Javitt, 2009; Stephan et al, 
2006; Brazdil et al, 2005; Doelleret al, 2003; Liasis etal, 2001). Some studies 
report further generators in the frontal cortex as part of a distributed fronto- 
temporal network subserving change detection and attentional switching 
(Waberski et al, 2001; Rinne et al, 2000; Romanski et al, 1999). It has been 
suggested that the activity resulting from frontal generators reside at 
frontocentral electrodes, whereas the activity generated in the temporal cortices 
is evident over the mastoids (Umbricht et al, 2003; Baldeweg et al, 1999; Giard 
et al, 1990). Studies have further suggested cortical sources of MMN located 
within the superior temporal plane (Wible et al, 2001; Alho, 1995). Neural 
generators of the MMN have also been located in the left superior temporal 
gyrus (Wernicke’s area), which is an area responsible for speech 
comprehension (Naatanen et al, 2001). Therefore, it can be suggested that 
MMN may be related to language processing by means of encoding speech 
stimuli. This is supported by the presence of MMN deficits in other disorders 
with affected language abilities such as patients with Alzheimer’s disease 
(Pekkonen, 2000), left hemisphere stroke (llvonen et al, 2003), multiple 
sclerosis (most evident in MS with cognitive dysfunction) (Jung et al, 2006), 
dyslexia (Korpilahti and Lang, 1994), specific language impairment (SLI), 
dysphasia and autism (Cheour, 2008).
Schizophrenia is characterised by a diminished ability to selectively 
attend to important information in the environment (Chapman, 1966). MMN
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abnormalities in schizophrenia are thought to reflect impaired pre-attentive 
auditory change detection (Javitt, 2000; Hirayasu et al, 1998; Shelley et al, 
1991). Therefore, as the MMN reflects the ability to attend to relevant 
information in an irrelevant background (Hermens et al, 2010); many studies 
have reported reduced MMN amplitude in patients with schizophrenia using 
both duration and frequency deviants (Turetsky et al, 2007; Jessen et al, 2001; 
Todd et al, 2001, 2000; Michie eta l, 2000; Javitt etal, 1998, 1995, 1993; Schall 
et al, 1999; Shelley et al, 1999; Kasai et al, 1999; Hirayasu et al, 1998; Oades 
et al, 1996; Catts et al, 1995; Shelley et al, 1991). However, results from a 
meta-analysis revealed that the effect size for MMN to duration deviants was 
40% larger than that to frequency deviants (Umbricht and Krljes, 2005). 
Therefore, duration deviants are suggested to be more sensitive than frequency 
deviants at distinguishing patients with schizophrenia from controls. MMN 
latency in patients with schizophrenia has received mixed reports as Kathmann 
et al (1995) and Shutara et al (1996) found delayed and prolonged MMN 
latency. However, Javitt (2000) reported a normal MMN latency in patients with 
schizophrenia.
Although previous evidence indicates an impaired MMN in chronic 
schizophrenia, studies examining individuals in the early stages of illness report 
mixed findings. This is possibly due to differing methodologies and inclusion 
criteria for different at-risk groups. In recent-onset patients, Javitt (2000) and 
Umbricht et al (2006) found reduced MMN to both duration and frequency 
deviants. In first episode patients, Oades et al (2006) and Magno et al (2008) 
found reduced MMN to duration deviants, whereas other studies reported 
normal MMN to frequency (Valkonen-Korhonen et al, 2003; Salisbury et al,
2002; Grzella et al, 2001) and duration deviants (Devrim-Ucok et al, 2008;
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Magno et al, 2008). More recently however, Kaur et al (2011) and Hermens et 
al (2010) reported reduced duration MMN/P3a amplitude in first episode 
patients with schizophrenia. First degree relatives of patients with schizophrenia 
were found to have reduced MMN amplitude to both duration (Michie et al,
2002) and frequency deviants (Jessen et al, 2001). However, in contrast to 
these findings, Bramon et al (2004a) and Magno et al (2008) found a normal 
MMN in unaffected family members. Finally, MMN amplitude to frequency and 
duration deviants was reduced in genetically at-risk individuals (Baker et al, 
2005; Schreiber et al, 1992).
Several studies have reported correlations between MMN and global 
functioning scores, as measured by the Global Assessment Functioning (GAF) 
in schizophrenia patients (Rasser et al, 2011; Kiang et al, 2007; Kawakubu and 
Kasai, 2006; Light and Braff, 2005). In these studies, deficient mismatch 
negativity was strongly associated with level of independence and functional 
outcome (Kiang et al, 2007, Kawakubo and Kasai, 2006, Light and Braff 2005). 
Light and Braff (2005) found that MMN deficits accounted for 42% of the 
variance in social functioning. However, Salisbury et al (2007) did not find any 
significant relationship between MMN amplitude and social functioning in first 
episode patients. It has been found previously that schizophrenia patients with 
severe functional impairment had smaller MMN amplitudes than higher 
functioning patients (Light and Braff, 2005). Reduced MMN amplitude in 
schizophrenia has also been correlated with deficient cognitive functioning such 
as verbal memory, speed of processing, attention, and cognitive flexibility 
(Hermens et al, 2010; Oades et al, 2006; Michie et al, 2002). Naatänen and 
Kahkonen (2009) suggest that a reduced fronto-central MMN may contribute to
clinical symptomatology, particularly negative symptoms, by detrimentally
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affecting the ability to selectively attend to socially relevant information. 
Naatanen et al (2007) also found a relationship between MMN and illness 
progression in schizophrenia (Naatanen et al, 2007). However, this association 
has been found more consistently in paradigms where a frequency deviant is 
presented (Light and Braff, 2005; Umbricht and Krljes, 2005; Baldeweg et al,
2004).
At fronto-central electrodes, the MMN wave is often followed by a
positive-going ERP component peaking between 250-300ms (Light et al, 2007).
This early P300 component (i.e. P3a) elicited during the mismatch negativity
task is dissimilar to the parietally distributed P300 or ‘P3b’ observed in active
auditory oddball tasks which require a button press response or counting the
rare target stimuli (Hermens et al, 2010). Rather, the P3a is an automatic
process, which is not modulated by attention and is thought to reflect an
orienting response to a novel stimulus (Light et al, 2007; Muller-Gass et al,
2007; Polich, 2007). According to Mathalon et al (2000a), decreased P3a
amplitude is associated with deficits in orienting to stimuli that would normally
be considered salient to healthy individuals. Reductions in P3a amplitude have
also been recorded in chronic and first episode patients with schizophrenia
(Fisher et al, 2010; Ford et al, 2010; Hermens et al, 2010; Mathalon et al,
2000b). Berti and Schroger (2003) suggest that the working memory system is
related to involuntary attention switching as the P3a orienting response was
reduced in amplitude when working memory load was increased. One of the
functions of working memory is to protect the individual from too much
distraction but also to react to potentially important changes from the
environment (Berti and Schroger, 2003). Therefore, while the MMN system
detects a change in the environment, the working memory system can either
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orient attention to the stimulus or override the MMN response and maintain 
attention to task relevant information (Berti and Schroger, 2003).
The primary aim of this experiment was to investigate the early stages of 
auditory information processing in adolescents with PLEs by examining the 
amplitude and latency of the MMN and P3a components. The secondary aim  
was to explore the relationships between the MMN and P3a components and 
cognitive ability and global functioning. As the duration MMN/P3a is reduced in 
chronic and first episode patients with schizophrenia, as well as in biological 
relatives of patients; it was hypothesized that adolescents with PLEs would 
display a reduction in MMN and P3a amplitude. However, as the literature 
focuses largely on MMN/P3a amplitude, the latency measures of these 
components were analysed in an exploratory manner.
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3.2. Methods
3.2.1. Participants
Forty-four adolescents (21 Male; 23 Female) aged 10-13years old underwent 
EEG testing approximately two weeks following the clinical K-SADS interview. 
Fourteen participants had strong PLEs and were defined as an at-risk group, 
whereas twenty-two participants had no such symptoms and served as a 
control group. Eight participants were characterised by the presence of weak 
PLEs, deemed of little clinical significance. As these participants did not meet 
criteria for either the control or the at-risk groups, they were removed from the 
main analyses. Therefore, data from 36 participants (16 Male; 20 Female) were 
included in the main analyses. For more details on the criteria employed for 
inclusion in the control and at-risk groups, see chapter 2, section 2.4.
3.2.2. Task Design and Stimuli
The task was based on the paradigm employed in Bramon et al (2004a) and 
comprised three experimental blocks of 400 stimuli each with a break of 5 
seconds between each block. Participants were presented with 1200 auditory 
stimuli, of which 1020 (85%) were standard tones of 1000Hz presented at 25ms 
(5-ms rise/fall) and 180 (15%) deviant tones of 1000Hz at 50ms (5-ms rise/fall 
time). The inter-stimulus interval was 300ms. Stimuli were presented through 
the computer speakers at 80-Dbl, while participants were asked to ignore the 
sounds and look at a fixation point located in the centre of the computer screen 
(see Figure 3.1). No motor response or stimulus evaluation was required for the 
task.
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Figure 3.1: Task stimuli as presented to the participant. Note: the fixation 
stimulus was smaller than depicted.
3.2.3. Factors included in Correlation Analysis
3.2.3.1. Cognitive Assessments
Speed of processing, sustained attention/impulsivity and working memory were 
examined using the subtests from the MATRICS battery of tests, as described 
in Chapter 2. Briefly, speed of processing was assessed with the Brief 
Assessment of Cognition in Schizophrenia-Symbol Coding (BACS-SC; Keefe et 
al, 2004), the Trail Making Test, part A (TMTa; USA Army Individual Test 
Battery, 1944) and a category fluency test of animal naming (Morris, 1989). For 
the speed of processing tasks, higher scores on the BACS and the fluency 
tasks indicated better performance, whereas lower scores on the TMTa
signified a better result. Sustained attention/impulsivity was measured by the 
Continuous Performance Test-Identical Pairs (CPT-IP; Cornblatt et al, 1989), 
where higher scores indicated better performance on the task. Nonverbal and 
verbal working memory was measured with the spatial span subtest of the 
Wechsler Memory Scale (WMS-III SS; Wechsler, 1997) and the Letter-Number 
Span (LNS; Gold et al, 1997), respectively. Higher scores on these measures 
also indicated better performance.
3.2.3.2. Global Functioning
An assessment of current global functioning was measured by the Children’s 
Global Assessment Scale (CGAS) from the K-SADS interview schedule 
(Shaffer et al, 1983). A global functioning score was compiled following the 
clinical interview, where higher CGAS scores indicated higher levels of 
functioning. Ten levels of functioning are indicated by a range of scores from 1- 
100, where 1-10 indicates “needs constant supervision” to 91-100 indicates 
“superior functioning in all areas".
3.2.4. Data Analysis
Details regarding the EEG recording procedure are provided in Chapter 2, 
section 2.8. Epochs of 50ms pre-stimulus to 500ms post-stimulus were 
analysed and baseline corrected to the interval -50 to 0ms. The first two trials of 
each block were excluded from the average to control for a potentially 
confounding large N1 component. Based on visual inspection of grand 
averaged waveforms (see Figure 3.2), MMN amplitude was obtained for each
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group (Controls, At-Risk) and condition (Standard, Deviant) over 12 fronto- 
central electrode sites (Fp1, Fpz, Fp2, F1, Fz, F2, Fc1, FCz, FC2, C3, Cz, C4) 
and over left and right temporal electrode sites (TP9 and TP10) (see Table 3.1). 
Mismatch negativity was defined as the difference waveform obtained by 
subtracting the standard tone ERP waveforms from the deviant tone ERP 
waveforms over an epoch length of 80-130ms. Amplitude of the subsequent 
P3a component was also measured over a latency of 150-290ms at central 
electrodes Fz and Cz (see Figure 3.2). The head map displaying the distribution 
of the MMN component overall and in each of the groups is displayed in Figure
3.3.
Table 3.1: MMN/P3a mean amplitude (pV) and standard deviation values at 
frontal and temporal electrodes for each group. Effect sizes are calculated as 
the standardised mean differences: ES= (Mean of at-risk group minus the mean 
of controls)/ Pooled SD.
Electrode
Location
Controls 
Mean (SD)
At-Risk 
Mean (SD)
ES d  (r) 
(At-Risk vs. Controls)
FP1 -1.24 pV (1.11) -0.60 pV (1.07) -0.59 (-0.28)
FPz -1.40 pV (1.17) -0.38 pV (1.40) -0.79 (-0.37)
FP2 -1.24 pV (1.15) -0.32 pV (1.90) -0.59 (-0.28)
F1 -1.37 pV (0.87) -0.79 pV (0.81) -0.69 (-0.33)
Fz -1.09 pV (0.87) -0.70 pV (1.20) -0.37 (-0.19)
F2 -1.03 pV (1.05) -0.80 pV (1.30) -0.19 (-0.10)
FC1 -0.91 pV (0.59) -0.67 pV (0.72) -0.36 (-0.18)
FCz -0.62 pV (0.73) -0.52 pV (0.96) -0.12 (-0.06)
FC2 -0.60 pV (0.76) -0.63 pV (1.09) 0.03 (0.02)
C3 -1.56 pV (1.29) -0.93 pV (0.98) -0.55 (-0.27)
Cz -0.19 pV (0.66) -0.22 pV (0.80) 0.04 (0.02)
C4 -0.17 pV (0.74) -0.42 pV (0.92) 0.30 (0.15)
TP9 1.69 pV (1.08) 0.93 pV (1.69) 0.54 (0.26)
TP10 1.55 pV (1.14) 0.71 pV (1.12) 0.74 (0.35)
P3a Fz 1.47 pV (1.00) 1.25 pV (1.34) 0 .19(0.09)
P3a Cz .29 pV (0.84) 0.81 pV (0.96) -0.58 (-0.28)
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F ig u r e  3 .2 : 64 channel electrode map displaying MMN and P3a waveforms for 
the control (blue) and at-risk (red) groups. Mean amplitude (pV) is represented 
on the y-axis and time (ms) is presented on the x-axis.
O vera l MMN 
Topography
Controls At-R isk
F ig u r e  3 .3 :  Scalp topography of the MMN component overall and in each group 
separately.
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3.2.5. Statistical Analyses
Multivariate ANOVA (MANOVA) was used to compare the at-risk and control 
groups on demographic and psychometric variables, such as age, sex, 
socioeconomic status, handedness and global functioning scores. MANOVA  
was also employed to compare groups on measures taken from the MATRICS. 
The raw scores obtained from the tests of the MATRICS were converted into t- 
scores, which corresponded to the participants’ age range. Based on the 
analysis reported in Michie et al (2002), a 2x3x4 repeated measures ANOVA  
compared groups across MMN and P3a amplitude and latency. The between 
groups factor was Group (At-Risk, Control), with Laterality (left, midline right) 
and Region (frontal-polar, frontal, fronto-central and central) serving as the 
within-groups factors. Kruskal-Wallis and Mann-Whitney U non-parametric 
statistical analyses were conducted to include eight participants with weak PLEs 
as an independent group to ascertain whether this group performed similarly to 
the at-risk or to the control groups. Correlation analyses were conducted for 
overall MMN/P3a amplitude and latency and measures of speed of processing, 
verbal and nonverbal working memory and sustained attention/impulsivity from 
the MATRICS. Correlations were also performed on the MMN/P3a amplitude 
and latency with global functioning scores as indicated by the Children’s Global 
Assessment Scale. The Pearson’s r value established the degree of linear 
relationship between the variables, whereas the common variance determined 
the strength of association. Common variance was obtained by squaring the 
Pearson’s rvalue, with higher percentage of common variance indicating higher 
amount of variance in one variable that can be explained by the other variable.
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3.3. Results
Multivariate analyses compared the at-risk and control groups on demographic 
factors and on performance on cognitive measures. The at-risk and control 
groups did not differ significantly on demographic variables such as age, sex, 
handedness or socioeconomic status (see Table 3.2). However, the control 
group had significantly higher levels of global functioning compared to the at- 
risk group. The groups also did not differ on any measure of the MATRICS (see 
Table 3.3).
Table 3.2: The means and standard deviations of demographic variables overall 
and for each group. Note: CGAS= Children’s Global Assessment Scale; 
SES=Socio-economic Status; Number of participant’s parents occupations in 
Professional /Managerial or Other roles
3.3.1. D e m o g ra p h ic  C o m p a r iso n s
Variable Overall At-Risk
(N=14)
Controls
(N=22)
F & P Values 
P < 0.05
Age (Mean Years/SD) 11.48
(-60)
11.57
(-85)
11.41
(.50)
F (1, 32) = .023, 
p = .882
Sex (Male; Female) 16 M; 20 
F
8 M; 6 F 8 M; 14 F F (1 ,32 ) = .779, 
p = .384
Handedness 35 R; 5 L 13 R; 1 
L
19 R; 3 L F (1 ,3 2 )- .3 2 0 ,  
p = .576
SES
(N=Professional
/Managerial & Other)
N=34; 
6 Other
N=11; 
3 Other
N =19; 
2 Other
F (1 ,32) = .102, 
p = .752
CGAS Scores 
Mean (SD)
79.1
(12.85)
64
(19.28)
83.86
(7.86)
F(1,32)=16.095, 
p = .0001*
Table 3.3: Means, standard deviations and standard error of the mean with 
significance values for each group on the MATRICS.
Group N Mean Std.
Deviation
Std.
Error
F & P
Values
BACS
TScore
Controls 22 55.2382 8.35576 1.78145 F (1,33) = 
1.065, 
p = .309At-Risk 14 50.4010 7.12155 1.90331
Total 36 53.3571 8.15159 1.35860
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TMTa
TScore
Controls 22 47.9576 8.91792 1.90131 F (1, 33) = 
.051, 
p = .822At-Risk 14 50.2944 13.51365 3.61168
Total 36 48.8663 10.81121 1.80187
Fluency
TScore
Controls 22 49.9064 9.00124 1.91907 F (1. 33) = 
.005, 
p = .942At-Risk 14 49.2760 5.74286 1.53484
Total 36 49.6613 7.80772 1.30129
CPT
TScore
Controls 22 50.3209 5.02225 1.07075 F (1, 33) = 
.965, 
p = .333At-Risk 13 48.4081 6.40601 1.77671
Total 35 49.6104 5.56254 94024
WMS
TScore
Controls 22 51.8930 9.79706 2.08874 F (1, 33) = 
.017, 
p = .898At-Risk 14 50.8861 6.88302 1.83956
Total 36 51.5014 8.68528 1.44755
LNS
TScore
Controls 22 49.8474 9.21690 1.96505 F (1, 33) = 
.086, 
p =  .771At-Risk 14 51.3316 6.04262 1.61496
Total 36 50.4246 8.06668 1.34445
3.3.2. MMN/P3a Mean Amplitude & Latency
The MMN waveforms at the 14 selected electrode sites for each group are 
presented in Figure 3.4. The average trial numbers accepted for the standard 
and deviant tones, respectively, were for the Controls 997; 172 and for the at- 
risk 919; 163, respectively. Repeated measures analysis of variance (ANOVA) 
verified that there were no group differences in the number of trials accepted [F 
(1, 34) =2.303, p=.138]. A repeated measures ANOVA was performed on MMN 
amplitude with Group (At-Risk, Control) as the between-subjects factor, with 
Laterality (left, midline right) and Region (frontal-polar, frontal, fronto-central and 
central) as with in-subjects factors. A main effect of Group [F (1, 34) = 6.235, p = 
.018] and interaction effects of Region*Group [F (3, 102) = 5.091, p= .014] and 
Region*Laterality*Group [F (6, 204) = 4.108, p=.012] were revealed. There were
no significant main effects of Laterality or Region. Follow up analyses compared
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the groups at each region (see Table 3.4) and revealed reduced MMN 
amplitude in the at-risk group at frontal polar electrodes. A significant main 
effect for Site and an interaction effect of Group*Site was found in the central 
region. However, follow up independent t-tests did not reveal any significant 
differences between the groups on any central electrode site (see Table 3.4). A 
significant group difference was also revealed over the left and right temporo­
parietal areas, with the at-risk group displaying reduced MMN amplitude over 
electrode TP10 in comparison to the control group (see Table 3.4). There was a 
main effect of Region in MMN latency [F (3, 102) = 5.085, p = .006], where 
latency was more delayed from frontal-polar to central regions. No significant 
effects were found for latency in temporo-parietal regions. There were also no 
significant group differences in latency in any region. Repeated measures 
ANOVA was conducted on P3a amplitude, revealing a main effect of Region [F 
(1, 34) = 14.252, p = .001], which demonstrated a decrease in P3a amplitude 
from frontal and central regions. P3a latency was also analysed and a main 
effect of Region was found [F (1, 34) = 6.228, p = .018], where latency was 
more delayed in the central region compared to the frontal region. The groups 
did not differ on P3a amplitude or latency.
96
1)9  J TP10
F ig u r e  3 .4 \ MMN and subsequent P3a activity across fronto-central scalp 
regions of the controls (blue) and the at-risk (red) groups and reversed 
MMN/P3a polarity at the left and right temporal sites. Mean amplitude (pV) is 
represented on the y-axis and time (ms) is presented on the x-axis.
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T a b le  3.4: Results of repeated measures ANOVA and follow up t-tests 
comparing the groups on MMN amplitude at each region.
Region 2x3 Repeated Measures 
ANOVA 
(GroupXSite)
Independent t-tests
Frontal-Polar 
(FP1, FPz, FP2)
Main Effect of Group:
F (1 ,3 4 ) = 9.526, p=.004
FP1 t (34) = -2.782, 
p=.009*
FPz t (34) = -3.429, 
p=.003*
F P 2t (34) = -2.616, 
p=,013*
Frontal 
(F1, Fz, F2)
Main Effect of Group:
F (1 ,34 ) = 3.768, p=.061
N/A
Fronto-Central 
(FC1, FCz, FC2)
Main Effect of Group:
F (1, 34) = .306, p=.584
N/A
Central 
(C3, Cz, C4)
Main Effect of Site:
F (2, 68) = 9.939, p=.001 
Interaction Effect of 
Site*Group:
F (2, 68) = 4.447, p=.030
C3 t (34) = -2.024, p=.051 
Cz t (34) = .842, p=.405 
C4 t (34) = .295, p=.197
Temporo-Parietal 
(TP9, TP10)
Main effect of Group:
F (1 ,3 4 ) = 6.323, p=.017
T P 9 t (34) = 1.742, 
p=.091 
T P 1 0 t (34) = 2.660, 
p=.012*
3.3.3. Correlation Results
3.3.3.1. MMN/P3a Amplitude & Latency and Matrics Data
Overall MMN mean amplitude at frontal and fronto-central areas was correlated 
with sustained attention/impulsivity, verbal working memory and speed of 
processing, where larger MMN amplitude was associated with better 
performance (see Table 3.5 and Figure 3.5a, 3.5b and 3.5c). Larger MMN 
amplitude in the control group was associated with better scores on sustained 
attention/impulsivity and verbal working memory measures. Larger MMN 
amplitude in the at-risk group was related to better performance on sustained 
attention/impulsivity and speed of processing measures. Overall MMN latency
at central and temporo-parietal areas was correlated with speed of processing,
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where shorter latency was related to better performance on the speed of 
processing tasks. However, the common variance among these measures was 
low, ranging from 12-23%. MMN latency in both groups was associated with 
speed of processing and the control’s MMN latency was related to verbal 
working memory also (see table 3.6). Although, overall P3a mean amplitude 
was not related to any cognitive measures, P3a latency was associated with 
speed of processing on the Trail Making Test at electrode Cz (r= -.398, p=
.016), with a low common variance of 16%. Shorter P3a latency was associated 
with better speed of processing scores in at at-risk group at Cz (r=-.626, 
p=.017).
Table 3.5: Overall correlations between measures from the MATRICS and 
MMN mean amplitude (^V) at frontal and temporal sites. * denotes p<.05, 
**denotes p<.01. Note: CPT-IP=Continuous Performance Test-Identical Pairs; 
LNS=Letter Number Span; TMTa=Trail-Making Test, Part A.
MMN Mean Amplitude Pearson’s r Value for 
MATRICS Overall
Electrode
Site
CPT-IP
(Sustained
Attention/
Impulsivity)
Fluency
(Speed of 
Processing)
LNS
(Verbal
Working
Memory)
F1 -.345*
Fz -.463**
F2 -.399*
FC1 -.413*
FCz -.481**
FC2 -.375*
TP9 .343*
TP10 .398*
MMN Latency Pearson’s r Value for 
MATRICS Overall
Electrode BACS TMTa LNS
Site (Speed of 
Processing)
(Speed of 
Processing)
(Verbal
Working
Memory)
C4 -.445**
TP9 -.351*
TP10 -.359* .409*
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Table 3.6: Correlations within groups between measures from the MATRICS 
and MMN latency (ms). * denotes p<.05, **denotes p< 01
MMN Latency Pearson’s r Value for 
MATRICS Overall
BACS
(Speed of 
Processing)
LNS
(Verbal
Working
Memory)
TMTa
(Speed of 
Processing)
Controls
C4 -.535**
TP9 -.427*
At-Risk
TP10 .572* -.683**
F ig u r e  3 .5 : a) Scatter plots illustrating the negative correlation between MMN 
mean amplitude (pV) at FCz and attention/impulsivity scores; b) positive 
correlation between MMN amplitude (pV) at TP9 and speed of processing 
scores and c) positive correlation between MMN amplitude (pV) at TP10 and 
working memory.
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Correlations were performed to assess the presence of a relationship between 
MMN/P3a mean amplitude and latency and global functioning. Despite a trend 
towards a significant relationship between reduced MMN amplitude and lower 
global functioning (r=.302, p=.078), there was no relationship between global 
functioning scores and MMN amplitude or latency. There was a significant 
association between global functioning scores and P3a amplitude at electrode 
Fz (r=.339, p=.046), where larger P3a amplitude was related to higher 
functioning scores (see Figure 3.6). However, P3a latency was not related to 
CGAS scores. The groups were analysed individually to identify relationships 
between P3a amplitude and CGAS scores, however, no significant relationships 
were found.
3.3.3.2. M M N /P3a A m p litu d e  & L a te n c y  a n d  G lo b a l Fu n ctio n in g
Children's Global Assessment Scale (1 -100) Current
F ig u r e  3 .6 \ Positive correlation between P3a amplitude (pV) at Fz and Global 
Functioning scores.
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F ig u r e  3 .7 : Mean MMN amplitude compared across the control (blue), at-risk 
(red) and weak PLE (yellow) groups at electrodes a) FP2, b) FPz and c) TP10. 
Mean amplitude (pV) is represented on the y-axis and time (ms) is presented on 
the x-axis.
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As there were only eight participants reporting weak PLEs, a non-parametric 
equivalent of a one-way ANOVA was performed on MMN amplitude for the 
three groups (Controls, At-Risk, Weak PLEs). A Kruskal-Wallis test revealed 
significant group differences at frontal electrodes FPz (H (2) =9.867, p=.008), 
FP2 (H (2) =9.111, p=.011 ), F1 (H (2) =7.219, p=.027) and the temporal 
electrode TP10 (H (2) =11.314, p= .003). Follow up Mann-Whitney U tests 
revealed no significant differences between the participants with weak PLEs 
and the control group. However, significant differences were found between the 
at-risk group and the weak PLE group at electrodes FPz (U=22.5, p=.020), FP2 
(U=17, p=.006) and TP10 (U=13, p=.002), where the participants with weak 
PLEs had much larger MMN amplitude across the frontal and temporal sites 
(see Figures 3.7a, 3.7b, 3.7c). No significant group differences were found 
across the groups for MMN latency or for P3a amplitude or latency.
3.3.4. R e s u lt s  in clu d in g  P a rtic ip a n ts with W e a k  P L E s
I
a a a
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In summary, the findings from the current chapter revealed a reduction in 
duration deviant MMN amplitude across frontal polar and temporal electrode 
sites in the at-risk group compared to the control group. No group differences 
were found for MMN latency or P3a amplitude or latency. The group of 
participants with weak PLEs performed in a similar manner to the control group 
and differed significantly to the at-risk at frontal polar and temporal electrode 
sites. MMN amplitude was associated with sustained attention/impulsivity, 
verbal working memory and speed of processing, where larger amplitude was 
related to better performance. MMN latency was related to speed of processing, 
with shorter latency being associated with faster speed of processing. P3a 
latency was related to speed of processing. Lower social functioning scores 
were revealed in the at-risk group compared to the control group. Despite a 
trend towards reduced MMN amplitude and lower C-GAS scores, there was no 
association between MMN amplitude or latency and global functioning scores. 
P3a amplitude was related to higher global functioning scores.
3.3.5. Summary of Results
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3.4. Discussion
This experiment sought to investigate early auditory processing in adolescents 
with psychotic-like experiences. The MMN and P3a ERP components were 
examined in a duration deviant mismatch negativity paradigm to assess pre- 
attentive processing of auditory stimuli in this at-risk group compared to a group 
of adolescents without PLEs. The results of the present study demonstrate that 
adolescents reporting PLEs exhibited reduced MMN amplitude to duration 
deviants compared to that observed in the control group. MMN amplitude and 
latency in both groups was associated with speed of processing and sustained 
attention/impulsivity, with the MMN also being related to verbal working memory 
in the control group. Exploratory analyses including the weak PLE group 
demonstrated similar performance and neural activity between this group and 
the controls.
Mismatch negativity was evident at fronto-central electrodes with 
reversed polarity at temporal sites. The results of the study revealed a reduction 
in MMN amplitude in the at-risk group at frontal-polar and temporo-parietal 
electrode sites, which suggests impaired pre-attentive auditory processing in 
adolescents with PLEs. This result supports the findings of reduced MMN 
amplitude to duration deviants in recent-onset patients (Umbricht et al, 2006; 
Javitt, 2000), first episode patients (Magno et al, 2008; Oades et al, 2006), first- 
degree relatives (Michie et al, 2002) and genetically at-risk individuals (Baker et 
al, 2005; Schreiber eta l, 1992). As previous studies have found generators of 
the mismatch negativity in frontal and temporal areas, the current results 
suggest a disrupted fronto-temporal network in adolescents with PLEs. Such a 
disrupted fronto-temporal network, which sub-serves deviance detection and
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attentional switching, may underlie impairments in subsequent higher order 
cognitive processes such as working memory and language comprehension 
(Waberski et al, 2001; Rinne et al, 2000). A recent multi-modal imaging study 
also revealed an impaired prefrontal-temporal network in adolescents with PLEs 
(Jacobson etal, 2010). This fronto-temporal dysfunction may detrimentally 
affect context dependent information processing in the primary and secondary 
auditory cortices as well as in the frontal cortex (Umbricht and Krljes, 2005). 
There was no main effect of laterality, as expected, which suggests that early 
pre-processing of auditory information occurs bilaterally within the primary and 
secondary auditory cortices (Schofield et al, 2009). The lack of a main effect of 
region indicated that the MMN overall did not differ significantly in amplitude 
from frontal to central regions. MMN latency analyses, however, revealed a 
main effect of region, which demonstrated a delay in latency in central regions 
compared to frontal regions, suggesting that pre-processing of auditory stimuli 
occurred more quickly and efficiently in frontal regions. There were no group 
differences in MMN latency, which supports previous studies reporting a lack of 
MMN latency differences in chronic patients with schizophrenia in comparison 
to controls (Javitt, 2000). However, as the findings for MMN latency are not 
consistent across studies, more research is required to determine whether 
latency is affected in those at-risk for developing schizophrenia-spectrum 
disorders,
The P3a component was observed at frontal and central scalp sites. Both
P3a amplitude and latency yielded main effects of region, with larger amplitude
and shorter latency evident at frontal regions in comparison to central regions.
P3a amplitude and latency did not differ across groups, suggesting that the
orienting response to novel auditory stimuli was unaffected in this sample of
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adolescents with PLEs. Therefore, although the MMN amplitude was reduced in 
this group, their ability to detect changes in the environment was not entirely 
deficient as they were able to reorient their attention to the deviant stimulus as 
indexed by the unaffected P3a component. Non-parametric analyses comparing 
the at-risk and control groups to an additional group of participants with weak 
PLEs revealed significant differences between the weak psychotic symptom 
and at-risk groups. The participants with weak PLEs yielded much larger MMN  
amplitude than the at-risk group at frontal electrode sites. As there were no 
significant differences between the control and the weak PLE groups; these 
results show that the participants with weak psychotic PLEs performed similarly 
to the control group by exhibiting a normal, large mismatch negativity waveform 
in response to duration deviant tones. MMN latency, as well as P3a amplitude 
and latency did not differ across the three groups. However, caution must be 
exercised when interpreting these findings due to the small numbers included in 
the group with weak PLEs (i.e. N=8).
3.4.1. Cognitive Functioning
The groups did not differ on any cognitive measure from the MATRICS. Overall 
MMN amplitude was related to sustained attention/impulsivity, verbal working 
memory and speed of processing, where larger MMN amplitude was associated 
with better performance on these measures. The relationship between 
sustained attention/impulsivity and MMN amplitude across six frontal and fronto- 
central electrodes may have resulted from the lack of a distracter task such as 
watching a silent movie or reading a book, as the participant’s attention was 
inevitably drawn to the tones. Negative correlations were also evident between
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MMN latency and speed of processing and working memory, where shorter 
latency was associated with better performance. However, the common 
variance between these measures was low. These results support previous 
findings, where MMN amplitude was associated with verbal memory (Kawakubo 
et al, 2006) and speed of processing (Hermens et al, 2010). As performance on 
speed of processing tasks was associated with MMN latency, it can be 
suggested that efficiency in early automatic processing may aid in freeing up 
later controlled cognitive processes (Light et al, 2007). The groups were 
analysed separately to determine if one group was influencing the correlation 
more so than the other group. MMN amplitude and latency in both groups were 
moderately correlated with speed of processing and sustained 
attention/impulsivity. However, MMN amplitude and latency in the control group 
was also related to verbal working memory. Although P3a amplitude was not 
associated with any measures from the MATRICS, P3a latency was related to 
speed of processing. P3a latency was associated with speed of processing in 
the at-risk group. This effect was not observed in the control group. The lack of 
a correlation between P3a amplitude and cognitive measures may suggest that 
deficits in cognition maybe related to a disruption in pre-attentive change 
detection mechanism rather than a deficient orienting response.
3.4.2. Global Functioning
Despite a trend towards a significant relationship, there was no association 
between overall MMN amplitude and global functioning scores. However, as 
previous studies reporting correlations between MMN amplitude and global 
functioning were conducted on chronic patients with severe impairments in daily
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functioning; these studies may aid in explaining the lack of a relationship 
between MMN amplitude and global functioning in adolescents with PLEs. 
Therefore, reduced MMN amplitude may be related to a more severe deficit in 
daily functioning in chronic patients with schizophrenia. Larger P3a amplitude 
was related to higher global functioning scores. Light et al (2007) also reported 
strong relationships between global functioning scores and P3a amplitude in 
normal, which paralleled findings from patients with schizophrenia. These 
findings suggest that profound deficits in early information processing may be 
linked to aspects of normal functioning and may contribute to the underlying 
pathological mechanisms of schizophrenia.
3.5. Conclusions
The findings of this experiment on mismatch negativity have practical 
implications regarding the underlying causes of clinical symptoms in 
schizophrenia. There are also theoretical implications regarding the MMN as a 
potential endophenotype for schizophrenia and also the possible downstream 
effect of deficient pre-attentive processing of sensory information on higher 
order cognitive processes, such as working memory and language processing. 
Impairments in auditory change detection may be involved in the generation of 
auditory hallucinations, such that patients with schizophrenia may misattribute 
self generated sensory events to an external source (Ford et al, 2001). Also, 
deficient MMN could also be related to delusions of reference, such that 
irrelevant stimuli from the environment may be regarded as important. For 
example, thinking that the radio is sending you special messages. Alternatively, 
failing to process changes in the acoustic environment may contribute to the
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negative symptoms of the disorder such as flat affect, where these individuals 
fail to notice changes in the environment that would be considered salient to 
others (Naatanen and Kahkonen, 2009). The P3a component was not altered in 
the at-risk group, which suggested that attentional switching was not affected in 
this group. A further study could examine the re-orienting negativity that is 
typically observed following the distraction by deviant auditory stimulus (i.e. 
after the P3a). This may provide an insight into the ability to readjust to task 
relevant information following a distraction. P3a amplitude was associated with 
this global functioning, suggesting that early information processing is linked to 
daily functioning. This experiment provides support of a pre-attentive auditory 
processing deficit in adolescents with PLEs as a result of reduced MMN to 
duration deviants. The reductions in amplitude at frontal and temporal regions 
may possibly suggest a disrupted fronto-temporal neural network in this at-risk 
group.
n o
C h a p t e r  I V
A n  E R P  In ve stiga tio n  of 
R e s p o n s e  Inhibition on a 
G o /N o G o  T a s k
This chapter examines response inhibition in adolescents with psychotic-like 
experiences (PLEs) in comparison to a control group. Deficient executive 
control processes, in particular impaired inhibition, have been consistently 
documented in patients with schizophrenia and in at-risk populations for this 
disorder. A visual Go/NoGo paradigm was employed in this experiment where 
the behavioural responses were examined in terms of correct hits to one 
stimulus class (i.e. a Go stimulus), errors of commission to another stimulus 
class (i.e. a NoGo stimulus). Omission errors were also examined, which are 
incorrectly withheld responses to Go stimuli. The ERP components of interest 
were an N2-P3 complex at frontal regions as a function of response inhibition 
and a P3 at parietal regions which is reflective of response execution and 
context updating.
The at-risk group were characterised by a delay in NoGo-P3 latency at 
FC4, which was possibly indicative of slowed inhibitory processing. No group 
differences were observed on the NoGo-N2 or the Go-P3 components. 
Correlations of these inhibition-related ERP components with a sustained 
attention/impulsivity measure were also undertaken to assess any relationships 
between the amplitude and latency of these components and an inability to 
inhibit a potent response. Shorter NoGo-N2 latency in the at-risk group and 
larger Go-P3 amplitude in the controls were strongly related to sustained 
attention/impulsivity. Further analyses also incorporated a third independent 
group comprising participants with weak PLEs and found delayed NoGo-N2 and 
Go-P3 compared to the control and at-risk groups. The findings are discussed
Abstract
i l l
in relation to the existing literature in patients with schizophrenia and in 
individuals at-risk for developing psychosis.
1 1 2
Executive functioning refers to a set of high level cognitive functions that enable 
individuals to plan and initiate behaviour in an organised fashion (Oates and 
Grayson, 2004). Executive control processes such as selective attention and 
error monitoring, along with the ability to inhibit irrelevant stimuli, thoughts, and 
behaviours, are essential for goal directed behaviour and everyday functioning 
(Jonkman, 2006; Ciesielski et al, 2004; Norman and Shallice, 1986). Executive 
functions depend on the functional integrity of neural networks in the frontal 
cortex, which is impaired in patients and in individuals at-risk for schizophrenia 
(Nuechterlein et al, 2004; Pantelis et al, 1997). Impairments in the development 
of sufficient levels of executive control are thought to impact on behavioural 
problems that detrimentally affect social relationships, cognitive development 
and daily functioning (Oates and Grayson, 2004).
Schizophrenia is also characterised by disturbances in executive control 
(Kaladjian et al, 2011; Enticott et al, 2008). In particular, response inhibition is 
disrupted in schizophrenia, with previous studies reporting impaired 
performance on inhibition tasks such as the Antisaccade, Stroop, Stop-signal 
and Go/NoGo tasks (Woolard et al, 2010; Enticott et al, 2008; Badcock et al, 
2002; Barch et al, 2001a; Kiehl et al, 2000; Clementz and Sweeney, 1990). 
Deficient inhibitory processing has also been found in first episode patients, first 
degree relatives and in individuals genetically at-risk for schizophrenia 
(Kleinlogel et al, 2007; Vink et al, 2006; Ross et al, 1998). Response inhibition 
is a fundamental process in executive functioning and is related to impulsivity 
(Barkley, 1997; Logan et al, 1997). Impulsivity has been conceptualised as an 
inability to inhibit a response and has been related to a dysfunction of fronto-
4.1. Introduction
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temporo-limbic circuitry in schizophrenia (Koutsouleris et al, 2010; Hoptman et 
al, 2004). As inhibitory control matures throughout adolescence and early 
adulthood (Davidson etal, 2006; Romine and Reynolds, 2005), adolescents 
with psychotic-like experiences (PLEs) are an ideal at-risk group for 
investigating the presence of early anomalous processes that may disrupt the 
development of inhibition and thus, lead to deficient response inhibition in 
schizophrenia.
Inhibitory processes have been frequently investigated with the N2 and 
P3 ERP components during the Go/NoGo paradigm. In this task, participants 
are required to execute a button press response to one stimulus class (Go) and 
suppress or inhibit their response to a second stimulus class (NoGo). The task 
is typically weighted towards Go stimuli, such that a tendency or prepotency to 
respond is created, thereby increasing the effort necessary to successfully 
withhold responding to NoGo stimuli (Simmonds et al, 2008). Response 
inhibition is achieved when the participant successfully withholds their response 
to the rare NoGo stimuli. Inhibition of a prepared response evokes ERPs 
comprising enhanced fronto-central negativity (NoGo-N2) occurring 
approximately 200ms after the target NoGo stimulus, followed by a positive 
deflection (NoGo-P3) occurring between 200-500ms (Bruin and Wijers, 2002; 
Bruin et al, 2001). The N2 amplitude is larger (i.e. more negative) for NoGo 
trials than for Go trials and is thought to reflect early response inhibition 
processes (Eimer, 1993; Jodo and Kayama, 1992; Kok, 1986; Pfefferbaum et 
al, 1985).
The subsequent fronto-central P3 is referred to as ‘No-Go anteriorisation’ 
or ‘NoGo-P3’ (Fallgatter and Strik, 1999). This P3 is distinct from the traditional
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novelty P3 identified in oddball tasks, which is associated with a more parietal 
distribution. The frontal P3 amplitude, also larger in NoGo than in Go conditions, 
is related to an inhibitory mechanism (Duan et al, 2009; Jonkman et al, 2006; 
Johnstone et al, 2005; Falkenstein et al, 2002; Bokura et al, 2001; Weisbrod et 
al, 2000; Eimer, 1993). It has been well established that stimulus probability 
influences ERP amplitude. According to Ford et al (2004), when the task 
context has been established to respond to the majority of trials (Go), the 
context is not required to be updated until a stimulus dissimilar to the context is 
presented (NoGo). The resulting scalp topography is a relatively small Go P300 
and a large NoGo P300. However, if the context to respond frequently has not 
been established, large Go P300s and small NoGo P300s will be evoked (Ford 
et al, 2004). Evidence suggests that ERP latencies in Go/NoGo tasks are also 
related to inhibition. Shorter N2 (Roche et al, 2005; Garavan et al, 2002; 
Falkenstein et al, 1999) and P3 (Roche et al, 2005) latencies are associated 
with successful inhibition. However, prolonged P3 latency in the NoGo 
compared to Go conditions can be interpreted as an indicator of higher 
processing demands in the NoGo condition (Salisbury et al, 2004; Fallgatter 
and Strik, 1999).
A parietally distributed P300 is elicited to Go trials, where the participant
responds to the frequent (Go) stimulus. Both the frontal and parietal P3
components are thought to result from decision-making and context updating
processes that are required for executing and inhibiting responses (Ford et al,
2004; Donchin and Coles, 1988). The main difference between the ‘Go-P3’ and
the NoGo-P3’ is their topographical distribution. The Go-P3 is located at
parietal regions, whereas the NoGo-P3 is maximal at fronto-central areas (Bruin
et al, 2001). The P300 has been previously reported as larger on the Go trials
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than to NoGo trials at parietal regions (Nazari et al, 2010; Kiehl et al, 2000). The 
comparison of ERPs to Go and NoGo stimuli provides information on the level 
of response conflict and inhibition that is elicited by NoGo stimuli (Jonkman et 
al, 2006). Thus, the Go/NoGo paradigm is a valuable method for examining the 
physiological mechanisms underlying inhibitory control. Studies investigating 
the N2-P3 complex in schizophrenia have yielded inconsistent results.
Weisbrod et al (2000) and Ford et al (2004) reported a normal N2 and reduced 
P3, whereas Kiehl et al (2000) found a reduction in both the N2 and P3 
components. Finally, two studies reported a decrease in NoGo-P3 amplitude 
(Olbrich et al, 2005; Fallgatter and Muller, 2001). Groom et al (2008) also found 
that patients and adolescent non-psychotic siblings of patients with 
schizophrenia exhibited a reduced P3 and a normal N2 on a Go/NoGo task. 
Other studies in patients with schizophrenia have also demonstrated reduced 
amplitude in the error related negativity (ERN) component on the Go/NoGo 
paradigm (Laurens et al, 2003; Mathalon et al, 2002b). Laurens et al (2010) has 
also reported decreased amplitude of the ERN component on a Go/NoGo task 
in a community sample of adolescents presenting with a triad of antecedents of 
schizophrenia.
Inhibition is associated with frontal lobe function and impaired frontal lobe 
functioning has been implicated in ADHD, which involves an inability to inhibit 
responses (van Leeuwen et al, 1998). Maturational processes occurring in the 
frontal cortex of the adolescent brain have been associated with the 
development of inhibition. These maturational processes include progressive 
changes such as neuron proliferation (i.e. increased density), increased 
myelination and synaptogenesis (Yakovlev and Lecours, 1967) and regressive 
changes such as synaptic pruning and cell death (Best and Miller, 2010). As
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schizophrenia is characterised by structural and functional frontal lobe deficits, 
examining event-related potentials related to inhibition in adolescents with 
psychotic-like experiences may provide important information on the 
mechanisms underlying this process and how aberrant brain changes may 
affect its development. Hypotheses regarding behavioural responding were that 
1a) the at-risk group would make more errors of commission than the controls. 
Although omission errors are rare in this paradigm, it has been previously 
reported that patients with schizophrenia make more omission errors than 
errors of commission, which is reflective of a failure to establish a pre-potent 
response to the frequent stimulus (Barch et al, 2001a; Carteret al, 2001). 
Therefore, it was hypothesised that 1b) the at-risk group would make 
significantly more omission errors than the controls. It was predicted that 2) the 
frontal N2 and P3 amplitude would be larger in response to the NoGo stimuli 
than to the Go stimuli. 3) The P3 at parietal regions was hypothesised to be 
larger to Go stimuli than to NoGo stimuli. P300 amplitude at frontal regions was 
compared across Go and NoGo conditions separately in each group to 
determine whether they processed the Go and NoGo stimuli in different ways. It 
was hypothesized that 4) the P300 would not differentiate between Go and 
NoGo in the at-risk group. Finally, due to the inconsistent results obtained in 
studies of patients with schizophrenia, it was predicted that 5) the at-risk group 
would display reduced frontal and parietal P3 amplitude to NoGo and Go 
stimuli, respectively; 6) but a normal N2 component to NoGo stimuli. 7) Delayed 
latency in the frontal and parietal P3 components was also predicted for the at- 
risk group in comparison to the controls.
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4.2. Method
4.2.1. Participants
Forty-nine adolescents (29 Male; 20 Female) completed this Go/NoGo 
experiment. Thirteen participants had strong psychotic-like experiences (PLEs) 
and twenty-five reporting no such symptoms. Eleven participants experienced 
weak PLEs, which were not of sufficient severity to be included in the at-risk 
group. Consequently, the participants with weak psychotic-like experiences 
were removed from the main analyses, leaving a total of thirty-eight participants 
(22 Male; 16 Female). Therefore, 25 participants (13 M; 12 F) comprised the 
control group and 13 were included in the at-risk group (9 M; 4 F). For details on 
the criteria employed for inclusion of participants in the at-risk group, see 
Chapter 2, section 2.4.
4.2.2. Task Design and Stimuli
Participants completed a visual Go/NoGo task programmed with E-Prime© 
stimulus presentation software. The task was adapted from the paradigm 
employed by Laurens et al (2010), which comprised one block of 150 stimuli 
with 120 Go (80%) and 30 NoGo (20%) trials. Letter stimuli consisting of X ’s 
(Go) and K’s (NoGo) were presented in the middle of the computer screen on a 
white background (see Figure 4.1). Stimuli were presented in a pseudo-random 
order, such that no two NoGo stimuli appeared in succession. Each stimulus 
was presented for a random duration of between 1000 and 3000ms (average 
2000ms), interleaved with a blank screen with an inter-stimulus interval (ISI) of 
500ms. Participants were strictly instructed to respond as quickly and accurately
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as possible with a mouse button press to each presentation of the letter 'X’ (Go 
stimulus) and to withhold their response to the letter ‘K’ (NoGo stimulus). Prior 
to recording, participants were given precise instructions and completed a 
practice session to ensure full understanding of the task requirements.
Figure 4.1: Task stimuli as presented to the participant. ~ Average stimulus 
duration. Note: the fixation stimulus was smaller than depicted.
4.2.3. Sustained Attention/lmpulsivity
Sustained Attention/lmpulsivity was measured by the Continuous Performance 
Test-Identical Pairs (CPT-IP) (Cornblatt et al, 1988). The CPT-IP is a 
computerized measure of sustained, focused attention or vigilance. It involves 
monitoring a series of multiple digits (i.e. 2-digit, 3-digit or 4-digit) as they 
appear briefly on a computer screen and making a button press response when 
two identical stimuli are presented consecutively. The stimuli appear for 50ms 
and are presented at a rate of one per second.
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Details of the recording procedure and settings are provided in Chapter 2, 
section 2.8. Stimulus-locked ERPs were obtained by averaging the EEG around 
an epoch of 1100ms (i.e.-100ms pre-stimulus presentation until 1000ms post­
stimulus presentation). Only trials with correct responses to Go stimuli and 
successful inhibition to NoGo stimuli were included in the ERP averages. The 
numbers of trials included in each condition are presented in table 4.1. Three 
ERP components were identified at fronto-central and parietal regions from 
visual inspection of the stimulus-locked grand average waveform (see Figures 
4.2 and 4.3). Fronto-central N2 and P3 waveforms were evident on NoGo trials 
at electrodes FC3, FCz, FC4, F3, Fz and F4. Latency windows were based on 
peaks observed in the grand averaged waveform. The NoGo-N2 occurred at 
120-170ms, peaking at 140ms, whereas the NoGo-P3 was evident at 190- 
270ms, peaking at 230ms. Finally a parietally distributed P300 was evident on 
Go trials at electrodes P3, Pz and P4 from 250-380ms. Mean and standard 
deviation values for the amplitude and latency of each examined component are 
presented in Table 4.2.
Table 4.1: Numbers of trials included from each condition for grand averages.
4.2.4. Data Analyses
Condition At-Risk 
N = 13
Controls 
N = 23
Total 
N = 36
Mean (SD) Mean (SD) Mean (SD)
Go (X Correct) 99.42 (10.77) 102.43 (8.71) 101.84 (9.06)
NoGo (K Correct) 26.25(4 .61) 25.74 (2.83) 25.95 (3.33)
Total 131.17(13.89) 131.70 (9.59) 131.73 (10.13)
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Figure 4.2: 64 channel electrode map displaying the frontal N2/P3 waveforms 
for the control (blue) and at-risk (red) groups. Mean amplitude (pV) is 
represented on the y-axis and time (ms) is presented on the x-axis.
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Figure 4.3: 64 channel electrode array displaying the P3 waveforms at parietal 
regions for the controls (blue) and the at-risk group (red). Mean amplitude (pV) 
is represented on the y-axis and time (ms) is presented on the x-axis.
Table 4.2: Mean amplitude (pV) and latency (ms) values for both groups at 
each component.
Mean (SO) ‘Go-P3’ (Parietal) ‘NoGo-N2’ 
(Frontal & Fronto- 
central)
‘NoGo-P3’
(Fronto-central)
Controls N=23
Amplitude-Go 2.91 pV (1.86) -.99 pV (.95) 2.31 pV (1.61)
Amplitude-
NoGo
4.15 pV (3.03) -3.35 pV (2.91) 3.84 pV (2.98)
Latency-Go 263.68ms (13.20) 156.49ms (10.45) 202.46ms (15.64)
Latency-NoGo 269.13ms (36.78) 144.57ms (9.11) 230.45ms (26.45)
At-Risk
N=13
Amplitude-Go 1.93 pV (1.15) -.39 pV (1.30) 1.83 pV (1.73)
Amplitude-
NoGo
2.84 pV (2.17) -1.78 pV (2.52) 2.68 pV (1.81)
Latency-Go 263.54ms (11.96) 162.13 ms (5.08) 201,79ms (12.35)
Latency-NoGo 292.77ms (47.75) 145.41 ms (10.59) 232.10ms (28.71)
Note: ‘Amplitude-Go’ denotes the means and standard deviations for all 
examined electrodes in the Go condition of each component.
4.2.5. Statistical Analyses
4.2.5.1. Behavioural Statistical Analyses
Multivariate analysis of variance compared the at-risk and control groups on 
demographic factors such as age, sex, handedness, and socioeconomic status. 
The groups were also compared on their performance on the Continuous 
Performance Test (CPT-IP). Groups were compared on correct hits to Go trials 
and errors of commission (EOCs) on NoGo trials. Based on the approach taken 
by Laurens et al (2010), correct hits to Go stimuli were calculated for trials in 
which participants responded within 1000ms of stimulus onset. Correctly-
rejected NoGo stimuli were characterised by the lack of a motor response within
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1000ms onset of a NoGo stimulus. Errors of commission consisted of 
responses that occurred within 1000ms from the onset of a NoGo stimulus. A 
2x3 ANOVA compared the groups (Controls, At-Risk) on accuracy performance 
(Go, NoGo, EOC). To ascertain whether or not the at-risk and control groups 
established a pre-potent or strong automatic response to Go stimuli; each group 
was analysed separately to compare the mean number of omission errors 
(withholding response to a Go stimulus) to errors of commission (responding to 
a NoGo stimulus). A higher or equal rate of errors of commission to omission 
errors indicates an established pre-potent response.
Reaction times to Go trials were divided into two trial types: a) RT to a 
Go trial following a correct hit to a Go trial (Go-Go) and b) RT to a Go trial 
following an error of commission to a NoGo trial (EoC-Go). The final RT 
condition was an error of commission on a NoGo trial (EoC). Post-error slowing 
was also measured as the difference between reaction time for Go-Go trials and 
EoC-Go trials [EoC-Go minus Go-Go], Post error slowing is evident when 
reaction time to Go-Go trials is faster than to EoC-Go trials and it indicates 
recognition of an error (Falkenstein et al, 2000). A 2x3 repeated measures 
ANOVA was performed with group (At-Risk, Control) as the between subjects 
factor and trial type (Go-Go, EOC-Go, EOC) as the within subjects variable. 
Greenhouse-Geisser correction was employed for repeated measures analyses 
where normality or sphericity assumptions were violated. Repeated measures 
ANOVA with Tukey post-hoc tests and independent t-tests further examined 
any main and interaction effects. Kruskal-Wallis and Mann-Whitney U non- 
parametric statistical analyses were conducted to include a group of participants 
with weak psychotic-like experiences as an independent group to ascertain
whether this group performed similarly to the at-risk or to the control groups.
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A 2x2x3x2 repeated measures ANOVA was performed for NoGo-N2 amplitude 
and latency with Condition (Go; NoGo), Region (Frontal; Fronto-central) and 
Laterality (Left F3, FC3; Midline Fz, FCz; Right F4, FC4) as within subject 
variables and Group (At-Risk, Controls) as the between groups variable. This 
analysis was repeated for NoGo-P3 amplitude and latency. A 2x3x2 repeated 
measures ANOVA was performed for parietal Go-P3 amplitude and latency with 
Condition (Go; NoGo) and Laterality (Left P3; Midline Pz; Right P4) as within 
group variables and Group (At-Risk, Controls) as the between subjects variable. 
As the Go-P3 is reflective of response execution and the NoGo-P3 is elicited as 
a result of response inhibition; each group was analysed separately to ascertain 
whether P3 amplitude distinguished between stimulus conditions as a result of 
differential processing of Go and NoGo stimuli. A 2x3 repeated measures 
ANOVA was performed for frontal P3 amplitude with Condition (Go, NoGo) and 
Laterality (Left F3, FC3; Midline Fz, FCz; Right F4, FC4) as within subjects 
variables. The analysis was repeated for parietal P3 amplitude, with Condition 
and Laterality (Left P3; Midline Pz; Right P4) as within subjects variables.
Further analyses were undertaken to include the group of participants 
with weak psychotic-like experiences as an independent group to establish 
whether this group performed more similar to the control or to the at-risk groups. 
Finally, correlation analyses were performed on NoGo-N2/P3 and Go-P3 
amplitude and latency data and sustained attention/impulsivity scores on the 
Continuous Performance Test-Identical Pairs (CPT-IP). The Pearson’s r value 
established the degree of linear relationship between the variables, whereas the 
common variance determined the strength of association. Common variance or
4.2.5.2. ERP Statistical Analyses
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the coefficient of determination was obtained by squaring the Pearson’s r value, 
with higher percentage of common variance indicating higher amount of 
variance in one variable that can be explained by the other variable.
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Multivariate analysis of variance confirmed that the groups did not differ 
significantly on demographic variables such as, age, sex, socioeconomic status 
or handedness (see Table 4.3). The groups also did not differ on their 
performance on the CPT-IP measure of sustained attention/impulsivity [t (33) = 
.877, p=,387].
4.3. Results
4.3.1. Demographic Comparisons
Table 4.3: Demographic means, standard deviations (SD) and significance 
values for group comparisons.
Variable Overall At-Risk 
(N=13)
Controls
(N=25)
F & P  
Values 
P < 0.05
Age (Mean Years/SD) 11.50 (.69) 11.69 (.86) 11.40 (.58) F(1, 35) = 
2.697, 
p =.110
Sex (Male; Female) 22 M ;16 F 9 M; 4 F 13 M; 12 F F(1, 35) = 
1.245, 
p =.272
Handedness 35 R; 2 L 13 R 
0 L
22 R 
2 L
F(1, 35) = 
1.204, 
p =.280
SES 
(N=Professional 
/Managerial & Other)
N=31; 
7 Other
9 Prof. 
4 Other
22 Prof. 
3 Other
F(1, 35) = 
1.118, 
p=.298
Note: ‘Prof.’ denotes the number of participants’ parent’s occupations in the 
Professional or managerial category. SES  = Socioeconomic Status.
4.3.2. Behavioural Results
The groups responded correctly to the majority of trials, with no significant 
differences between groups on correct responses to Go trials [t (36) = -2.067, p 
=.113] or errors of commission on NoGo trials [t (36) = .022, p = .983] (see 
Table 4.4). The groups did not differ on the number of omission errors made. 
Paired t-tests revealed that the control group did not differ in the mean number
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of omission errors compared to errors of commission. However, the at-risk 
group made significantly more omission errors than errors of commission [F (1, 
12) = 7.237, p = .020] (see Figure 4.4). Repeated measures ANOVA revealed a 
significant main effect of trial type [F (2, 72) = 25.838, p = .0001], demonstrating 
that reaction times for errors of commission (EOC) were significantly shorter 
than that for correct hits to Go trials following Go trials (Go-Go) and also for 
correct hits to Go following an error (EOC-Go) (see Figure 4.5). However, there 
was no significant difference between reaction times to Go-Go trials and RT to 
EOC-Go trials [t (37) = 1.607, p = .117], There was no significant difference 
between the groups across any reaction time conditions.
Table 4.4: Behavioural accuracy and reaction time (ms) measures in the control 
and at-risk groups.
Condition Controls
(N=25)
At-risk
(N=13)
Accuracy Mean SD Mean SD
Go Trials 115.24 4.75 110.23 10.01
EoC
Trials
3.64 3.09 3.62 3.57
Errors of 
Omission
4.12 4.94 9.15 10.17
Total
Accuracy
142.48 5.58 137.15 13.30
Reaction
Time
Mean SD Mean SD
Go-Go 517.13 98.318 565.89 89.20
EoC-Go 507.10 215.55 444.19 183.67
EoC 337.67 150.32 356.32 157.70
Post-error
slowing
-10.03 163.92 -121.70 207.11
Overall
RT
453.97 137.26 455.47 105.21
Note: EoC = Error of Commission; Go = Correct Hits to Go stimuli; Go-Go = 
Correct hits to Go stimuli following another Go stimulus; EoC-Go = reaction 
time for correct hits to Go trials following error trials.
Post-error slowing = (RT for correct hits to Go trials following error trials [EoC- 
Go]) -  (RT for correct hits to Go trials following another correct hit to a Go trial 
[Go-Go]).
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Figure 4.5: Overall mean reaction time (ms) is displayed for reaction time to Go- 
Go, EoC-Go and EoC conditions.
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Figure 4.4: Mean number of errors of commission compared 
errors in the control and at-risk groups.
Data for two participants from the control group were excluded due to corruption 
of the raw data file in one case and too few trials accepted for the NoGo 
condition in the other case.
4.3.3.1. N2 Mean Amplitude and Latency
Main effects of Condition [F (1, 34) = 15.423, p = .0001] and Region [F (1, 34) = 
7.729, p = .009] were found, where the NoGo-N2 had larger amplitude than the 
Go-N2 and frontal sites exhibited larger amplitudes than fronto-central sites 
(see Figure 4.6). Although there was a trend towards reduced N2 amplitude in 
the at-risk group compared to the control group; there were no significant group 
differences in N2 amplitude in Go or NoGo conditions. A repeated measures 
ANOVA was performed for N2 latency yielding a main effect of Condition [F (1, 
34) = 20.916, p = .000] and Laterality [F (2, 68) = 9.686, p = .000], 
demonstrating that the N2 in the NoGo condition occurred much earlier than the 
N2 in the Go condition (see Figure 4.6) and was more left lateralised. An 
interaction effect of Condition*Laterality was also revealed [F (2, 68) = 5.014, P 
= .018], There were no group differences on N2 latency.
4.3.3. Electrophysiological Results
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Figure 4.6: Overall main effect of Condition on N2 amplitude depicting larger 
NoGo-N2 amplitude and shorter latency than the Go-N2 at electrode FCz. Mean 
amplitude (pV) is represented on the y-axis and time (ms) is presented on the x- 
axis.
4.3.3.2. P3 (Frontal) Mean Amplitude and Latency
The results of P300 amplitude and latency analyses are presented in table 4.5. 
P3 amplitude in the N0G0 condition yielded larger amplitude than the Go 
condition in frontal regions and was more right lateralised. The groups did not 
differ on NoGo-P3 amplitude. To ascertain whether the groups processed the 
Go and N0G0 stimuli in different ways, a repeated measures ANOVA was 
performed at frontal electrode sites to compare P300 amplitude across the 
conditions. In the control group, a main effect of Condition was found [F (1, 22)
= 7.177, p = .014], whereas in the at-risk group, there was no significant
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difference in P3 amplitude across the Go and NoGo conditions [F (1, 12) = 
2.516, p = .139].
The groups were compared on P300 latency over frontal and fronto- 
central regions. A group difference was found at electrode FC4 [t (34) = 2.907, 
p = 002], demonstrating that NoGo-P3 latency was significantly delayed in the 
at-risk group compared to the controls at the right fronto-central area (see 
Figure 4.7).
Table 4.5: Results of mixed factorial ANOVA and follow up t-tests comparing 
the groups on P300 amplitude and latency.
2x2x3 ANOVA 
(Group X Laterality X Region)
Follow-up tests
Frontal P3 
Amplitude
Main Effects 
Condition:
F (1, 34) = 7.597, p=.009 
Laterality:
F(1,34)=10.522, p=.0001 
Interaction Effects 
Condition*Laterality:
F(2, 68) =3.905, p=.033 
F(2, 68) =22.883, p=.0001
P300 amplitude larger to NoGo 
than to Go stimuli at frontal 
regions
Frontal P3 
Latency
Main Effects 
Condition:
F(1, 34)=39.356, p=.0001 
Interaction Effects 
Condition*Laterality 
F(2, 68)=7.513, p=.001 
Group*Laterality 
F(2,68)=10.797, p=.0001 
Condition*Laterality*Group 
F(2, 68)=4.020, p=.022 
Condition*Region*Laterality 
F(2, 68)=6.708, p=.002
2x3 ANOVA (Go Condition) 
Laterality
F(2, 68)=4.690, p=.015 
Region*Laterality 
F(2, 68) =5.354, p=.010 
2x3 ANOVA (NoGo Condition) 
Laterality
F(2, 68) =4.006, p=.023 
Group*Laterality 
F(2, 680=10.925, p=.0001 
2x3 ANOVA (Fronto-central) 
Group*Laterality 
F(2, 68) =9.743, p=.0001 
Independent t-test at FC4 
T(34) =2.907, p=.002
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Figure 4.7: NoGo-P3 latency at electrode FC4; Controls yielding earlier latency 
than the at-risk group. Mean amplitude (pV) is represented on the y-axis and 
time (ms) is presented on the x-axis.
4.3.3.3. P3 (Parietal) Mean Amplitude and Latency
A main effect of Condition [F (1, 34) = 14.257, P = .001] was found following a 
repeated measures ANOVA. NoGo-P3 amplitude was larger than Go-P3 at 
parietal sites. Despite a trend towards larger P3 amplitude for controls 
compared to the at-risk group, there were no significant group differences. A 
repeated measures ANOVA for P3 latency revealed a main effect of Laterality 
[F (2, 68) = 5.922, P = .005]. No group differences were found on parietal P300 
latency. To determine whether the groups processed the Go and NoGo stimuli
in different ways at parietal regions, a 2x3 repeated measures ANOVA was
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performed with Condition (Go, NoGo) and Laterality (P3, Pz, P4) as within 
subjects variables. In the control group, there was a main effect of Condition [F 
(1, 22) = 10.845, p = .003], In the at-risk group, a main effect of Condition was 
also found at the parietal region [F (1, 12) = 7.021, p = .021]. Therefore, both 
groups exhibited larger posterior P3 to NoGo than to Go stimuli.
4.3.4. Correlation Results
As the Continuous Performance Test is a measure of impulsivity and sustained 
attention, correlations were performed with this measure to ascertain whether 
errors of omission, which may reflect inattentiveness, or errors of commission, 
which reflect impulsivity, were related to CPT-IP scores. However, there were 
no significant relationships between these measures. A Pearson’s bivariate 
correlation revealed no relationship between N2 amplitude and the continuous 
performance test overall or between groups. However, NoGo-N2 latency was 
related to performance on the CPT-IP at electrodes (see table 4.6). Although 
the common variance between these measures was low (12-28%), shorter N2 
latency was associated with higher sustained attention/impulsivity scores (see 
Figure 4.8a). The groups were analysed separately to ascertain any relationship 
between each group’s performance on the CPT-IP and latency scores. N2 
latency was not related to CPT-IP performance in the control group. However, 
in the at-risk group, a strong relationship was found between NoGo-N2 latency 
and impulsivity/sustained attention at frontal electrodes (see table 4.6.) with 47- 
49% shared variance (see Figure 4.8b).
Correlations were also performed on frontal and parietal P300 amplitude
and latency overall and across groups to ascertain any relationship between the
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P300 at frontal and parietal regions and performance on the CPT-IP test. There 
were no correlations between the frontal P300 amplitude or latency and CPT-IP 
scores overall or across groups. However, overall parietal Go-P3 amplitude was 
related to sustained attention/impulsivity at parietal electrodes where greater 
P300 amplitude was associated with better scores on attention (see table 4.6 
and Figure 4.9a). P300 amplitude in the at-risk group was not associated with 
the CPT-IP, whereas parietal Go-P3 amplitude in the control group 
demonstrated a moderate to strong correlation with attention. Although the 
common variance was low (19-29% C.V.), scatter plots revealed a pattern of 
higher P300 amplitude correlating with better attention scores (see Figure 4.9b). 
Overall P300 latency was related to attention where longer latency was 
associated with poorer attention scores. P300 latency in both the control and at- 
risk groups were related attention.
Table 4.6: Significant correlation results summarised overall and for each 
group.
Correlations with CPT-IP Scores
Overall N2 Latency Pearson’s r
F3 R=-.343*
F1 R=-.530**
Fz R=-.530**
F2 R=-.457**
Controls n/a
At-risk
F1 R=-.638**
Fz R=-.702**
Overall Parietal P3 Amplitude
P2 R=.389*
P4 R=.447**
Controls
Pz R=.439*
P2 R=.499*
P4 R=.538**
At-Risk n/a
Overall P3 Parietal Latency
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Pz R=-.375*
Controls
P3 R=-.449*
At-Risk
P4 R=-.759**
Figure 4.8\ a) Overall and b) At-Risk frontal NoGo-N2 latency (ms) and CPT-IP 
scores at frontal electrodes.
135
*
Figure 4.9: a) Overall and b) Controls parietal Go-P3 amplitude (pV) & CPT 
scores at parietal electrodes.
4.3.5. Results including Participants with Weak PLEs
Two participants from the weak PLE group were removed from the analyses as 
a result of insufficient numbers of trials accepted in the NoGo condition. As 
there were only nine participants with weak psychotic symptoms included, a 
Kruskal-Wallis test was performed on N2 and P3 amplitude and latency for the 
three groups (Controls, At-Risk, Weak PLEs). Follow-up Mann Whitney U tests 
were conducted on any significant main effects. There were no significant 
differences between groups on frontal N2 or P3 amplitude. However, NoGo-N2 
latency was delayed in the weak symptom group than the controls at electrode 
F4 [H (2) = 6.349, p=.042; U=50, p=.024] (see Figure 4.10). Both the control 
and at-risk groups had shorter Go-P3 latency than the weak symptom group at
electrode F4 [H (2) = 7.795, p=.020; U=46, p=.012; U=22.500, p=.014, 
respectively] (see Figure 4.11). There were no significant differences across 
groups on parietal P3 amplitude or latency.
Figure 4.10: Participants with weak PLEs display delayed No-Go N2 Latency at 
F4 compared to controls. Mean amplitude (pV) is represented on the y-axis and 
time (ms) is presented on the x-axis.
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Figure 4.11: Participants with weak PLEs exhibit delayed Go-P3 latency at F4 
compared to control and at-risk groups. Mean amplitude (pV) is represented on
the y-axis and time (ms) is presented on the x-axis.
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The groups did not differ on demographic variables such as age, sex, 
socioeconomic status or handedness. Behaviourally, the groups did not differ 
on measures of accuracy or reaction time. However, the at-risk group made 
more errors of omission than errors of commission. Larger amplitude and 
shorter latencies for the N2 and P3 components were evident for NoGo stimuli 
than to Go stimuli at fronto-central sites. NoGo-P3 latency was significantly 
delayed in the at-risk group than to the controls. At parietal sites, P300 
amplitude was larger in response to NoGo stimuli than to Go stimuli, with no 
difference evident for latency measures. At fronto-central and parietal sites, 
P300 amplitude differed in response to Go and NoGo stimuli in the control 
group. In the at-risk group, this distinction was only evident at parietal sites. The 
three group analysis revealed delayed NoGo-N2 latency in the weak PLE group 
compared to the controls and delayed Go-P3 latency compared to the at-risk 
and the control groups. Finally, the correlation analyses revealed relationships 
between shorter NoGo-N2 latency and higher scores on the sustained 
attention/impulsivity measure in the at-risk group. Larger Go-P3 amplitude on 
parietal sites was associated with better sustained attention/impulsivity scores 
in the controls. Longer P300 latency was also related to poorer sustained 
attention/impulsivity.
4.3.6. Summary of Results
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This experiment examined response inhibition in adolescents with psychotic-like 
experiences (PLEs) on a visual Go/NoGo task. Although no group differences 
were found on accuracy and reaction time measures, the at-risk group made 
significantly more omission errors than errors of commission. Frontal N2 and P3 
amplitude was larger to NoGo trials than to Go trials and parietal P3 amplitude 
was also enhanced to NoGo trials compared to Go trials. Frontal NoGo-N2 and 
NoGo-P3 or parietal P3 amplitude did not differ across groups. Frontal N2 and 
P3 latencies to NoGo trials were earlier than to Go trials. Parietal P3 latency did 
not differ significantly across group or condition. The control group exhibited 
significantly earlier fronto-central P3 latency than the at-risk group on NoGo 
trials at electrode FC4. Frontal N2/P3 amplitude was not related to CPT-IP 
scores overall or in either groups, whereas NoGo-N2 latency was strongly 
related to attention overall and in the at-risk group. Parietal Go-P3 amplitude 
and latency was highly correlated with CPT-IP scores overall and in both 
groups. Finally, analyses including the participants with weak PLEs as an 
independent group revealed that this group exhibited delayed frontal NoGo-N2 
latency compared to the control group and also on the parietal Go-P3 latency 
compared to the at-risk and control groups.
Overall, the groups did not differ in accuracy on Go and NoGo trials. 
Fallgatter and Muller (2001) and Rubia et al (2001) also did not find any group 
differences in accuracy between patients with schizophrenia and healthy 
controls on the CPT and Go/NoGo tasks. Although the trend towards a group 
difference on the number of omission errors made was not significant, the at- 
risk group made significantly more omission errors than errors of commission,
4.4. Discussion
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2002; Barch etal, 2001a; Carteret al, 2001; Servan-Schreiber et al, 1996). 
However, some studies using a Go/NoGo task have found that patients with 
schizophrenia executed more responses to NoGo stimuli than controls.
According to Ford et al (2004), increased omission errors suggest a failure to 
use context efficiently to form a prepotent response. Therefore, the at-risk group 
may have fully evaluated each stimulus to decide whether or not to respond on 
each trial and failed to establish a prepotent response as a result (Ford et al, 
2004).
Reaction times (RTs) for errors of commission (EoC) were shorter than
the RTs for a Go stimulus following a correct hit to another Go stimulus (Go-Go)
and also for a Go stimulus following an error of commission (EoC-Go). This
finding suggests that both groups may have experienced difficulty with inhibiting
their response to a NoGo trial as a result of an established pre-potent response
to Go stimuli. A pre-potent response is established when there is a high
probability of a Go stimulus occurring compared to a NoGo stimulus. Under this
condition, processes associated with inhibition of the pre-potent response are in
competition with processes relating to novelty (Kaladjian et al, 2011). There was
no evidence of post error slowing in either group as reaction times to Go trials
following an erroneous response were significantly faster than correct hits to Go
trials following another Go trial. Post-error slowing is evident when participants
slow down their responding following an error on the previous trial. Slowing after
errors is thought to be a cognitive control effect that reflects more careful
response strategies after errors (Notebaert et al, 2009). Hogan et al (2005)
reported that adults seemed more aware of making an error of commission as
they demonstrated post error slowing more so than adolescents. Best and Miller
140
which supports previous findings in patients with schizophrenia (Henik et al,
(2010) suggest that a lack of post error slowing in adolescents may be 
attributed to metacognitive processes that are not yet fully mature and may 
explain the failure to adequately adjust behaviour to avoid future errors.
Frontal N2 and P3 amplitudes were larger to NoGo than to Go trials, as 
expected. Frontal N2 and P3 are thought to reflect response inhibition 
processes as a result of a NoGo stimulus occurrence. As stimulus probability 
affects P3 amplitude, these findings indicated that large amplitude was elicited 
in response to the low probability of a NoGo stimulus. Geczy et al (1999) 
posited that enlarged N2 amplitude in response to NoGo stimuli may reflect 
increased efforts to activate the response inhibition system and to interrupt 
preparations for response execution. The significant effect of region in the 
frontal N2 and P3 components suggests more refined inhibition processing in 
the frontal cortex compared to the frontocentral areas (Best and Miller, 2010). 
There were no group differences in N2 amplitude, which is in line with previous 
evidence in first episode patients as the N2 did not distinguish between controls 
and first episode patients (Ogura et al 1991). Decreased N2 amplitude has 
been reported in chronic schizophrenia, which suggests that the neural 
networks underlying the N2 response may not be affected until the later stages 
of the illness (Demiralp et al, 2002). The P3 component at parietal regions is 
usually larger to Go trials than to NoGo trials. In contrast, parietal P3 amplitude 
was enhanced to NoGo trials than to Go trials in the current experiment.
Overall, frontal N2 and P3 latencies occurred earlier on NoGo trials than
on Go trials, which supports previous evidence of shorter latencies being
associated with successful inhibition (Roche et al, 2005; Garavan et al, 2002;
Falkenstein and Strik, 1999). This view is further supported by the current data
as P3 latency at parietal regions did not differ across condition. On NoGo trials,
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the at-risk group also displayed delayed P3 latency compared to the control 
group in the right fronto-central region. Ford et al (2004) also reported delayed 
P3 latency in patients with schizophrenia compared to controls. This may have 
reflected a slowed inhibition response in the at-risk group compared to the 
controls. Despite this finding, the at-risk group performed at the same level 
behaviourally as the controls, which was reflected in similar accuracy and 
reaction times on the task. Significant differences were also found for frontal N2 
latency and also parietal P3 latency in the weak PLE group, as they exhibited 
delayed latency in comparison to the control and at-risk groups. This suggests 
that this group of participants were slower to inhibit a response to a NoGo 
stimulus and to execute a response to a Go stimulus compared to the control 
and at-risk groups. As P3 latency reflects the time taken to evaluate a stimulus, 
shorter latencies at frontal regions have been conceptualised as faster reactivity 
to information processing in the frontal cortex (Nazari et al, 2010). However, 
slowed responses to inhibit NoGo stimuli do not merely reflect inhibition of 
motor activity as slowed reactivity has also been demonstrated in tasks where 
the NoGo stimuli were counted as opposed to a button press response 
(Pfefferbaum et al, 1985). Poor performance on tasks of inhibition has also 
been associated with dysfunction in the frontal lobes (van Leeuwen et al, 1998). 
Decreased activation in the right ventro-lateral prefrontal cortex (VLPFC) has 
also been reported in patients with schizophrenia (Kaladjian et al, 2007). The 
VLPFC network subserves response inhibition and is also deficient in other 
psychiatric disorders with impulsive behaviour, such as obsessive compulsive 
disorder (OCD) and attention deficit hyperactivity disorder (ADHD) (Kaladjian et 
al, 2007; Blasi et al, 2006). These findings are consistent with reports of frontal 
dysfunction in schizophrenia (Hill et al, 2004). In ADHD, decreased myelination
and decreased levels of dopamine in the prefrontal cortex are related to 
executive function and inhibitory control as medication that affects dopamine 
levels (i.e. amphetamine based stimulants) in the brain are successful in 
alleviating impulsive behaviour (Oates and Grayson, 2004). Decreased 
myelination and deficient stimulation of prefrontal dopamine D1 receptors have 
also been implicated in schizophrenia, providing further evidence that 
schizophrenia is characterised by impairments in the prefrontal cortex. As 
frontal lobe structures are impaired in schizophrenia and as NoGo stimuli 
activate frontal areas such as the dorsolateral prefrontal cortex (DLPFC), the 
anterior cingulate cortex (ACC) and the premotor cortex (Ford et al, 2004); this 
finding of delayed latency supports the evidence for frontal dysfunction in 
schizophrenia and the possible onset of this dysfunction in adolescence.
A longitudinal study by Bell et al (2007) found that cortical activity on 
response inhibition and conflict tasks became more localised with age.
Increased global activity was observed in children aged 8 months, followed by 
increased activity in the medial-frontal region at age 4. By age 8, the reported 
activity was localised to the right frontal scalp regions. According to Best and 
Miller (2010), this cortical localisation may have indicated the growing efficiency 
and development of strong neural connections in the prefrontal cortex for 
complex inhibition. As inhibitory processing was delayed in the at-risk group in 
the right frontal area of the scalp, this suggests that the strength of neural 
connections may have been diminished and consequently, more effort may 
have been required to complete the inhibitory response. The correlation 
analyses revealed significant differences among frontal NoGo-N2 latency and 
parietal Go-P3 amplitude and latency with the continuous performance test of
sustained attention and impulsivity. In particular, a strong relationship was found
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between NoGo-N2 latency and attention in the at-risk group, with 47-49% 
shared variance. A moderate to strong association between attention and Go- 
P3 amplitude was revealed in the control group. The correlation between N2 
latency and the CPT-IP scores may reflect the impulsivity aspect of the 
continuous performance test as NoGo-N2 is related to the ability to inhibit a 
response. On the other hand, the relationship between the parietal Go-P3 
component and CPT-IP scores may reflect the sustained attention aspect of the 
CPT-IP as this component is associated with response execution.
At frontal and parietal areas, the groups were examined individually to 
assess whether they processed the Go and NoGo stimuli in a different way. The 
premise was that if there were significant differences in P3 amplitude between 
the Go and NoGo stimuli, then it could be said that these stimuli were 
differentially processed. In the control group, at frontal and parietal regions, 
there were main effects of Condition, which demonstrated that the P3 could 
distinguish between Go and NoGo stimuli as a function of response inhibition 
and response execution. However, in the at-risk group, there was no significant 
effect of Condition at frontal regions but there was at parietal areas. This 
illustrates that during response inhibition, the at-risk group showed less 
distinction between the Go and NoGo stimuli at frontal regions and may have 
processed them in similar ways (Ford et al, 2004). This may have contributed to 
the trend of reduced NoGo-P3 amplitude observed in the at-risk group 
compared to the controls and may reflect some mild dysfunction in frontal 
regions which is not manifested in task performance.
The limitations of this experiment include the length of the task, as it
consisted of one block of stimuli with only thirty NoGo trials included. As thirty
trials is the minimum number recommended for the formation of an ERP
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waveform, it was imperative that the recorded data was of sufficient quality to 
be included in the EEG analysis. As a result, two participants’ data were 
excluded due to poor quality of data, resulting in noisy waveforms. However, as 
the selected ERP waveforms of interest were examined in the correct 
responses to Go and the correct rejection of NoGo stimuli conditions and as the 
task was of sufficient difficulty, such that few errors of commission were made; it 
was possible to examine these components within the limitation of thirty trials. A 
second limitation of the experiment concerns the correlation analyses with the 
CPT-IP scores. The groups were compared on the d-prime scores from the 
CPT-IP, which measures the ability to discriminate between stimuli and involves 
attention. However, this score does not indicate the level of conflict experienced 
between the execution and suppression of a response, which is reflected in the 
beta scores. A low beta score reflects impulsivity, whereas a high beta score 
indicates overcautious behaviour (Walderhaug et al, 2007). Therefore, 
conducting correlation analysis with this beta score and the inhibition-related 
N2/P3 complex may have provided a more accurate relationship between these 
measures. As inhibitory processes continue to improve throughout adolescence 
and early adulthood, follow up assessments of these groups would determine 
whether the electrophysiological correlates of inhibition in the at-risk group 
remain impaired or if there is evidence of further deterioration compared to the 
controls. However, it has been suggested that any further development in 
inhibition after the age of 8 is not likely to reflect fundamental changes in 
cognition (Romine and Reynolds, 2005). Rather, it may merely indicate the 
refinement and localisation of brain areas associated with inhibition and 
increasing efficiency in overriding pre-potent responses (Best and Miller, 2010). 
Further studies could enhance the pre-potent response as demonstrated in
Ford et al (2004), where the participants were pre-trained to respond a stimulus 
that would later become the NoGo stimulus (i.e. the stimulus of which the 
response has to be withheld). Also, further experiments could examine the 
error-related negativity (ERN) component and its corresponding positive 
component (Pe), as this component has been reported to be impaired in 
adolescents presenting with antecedents of schizophrenia (Laurens et al, 2010).
The results of this experiment demonstrate that adolescents with 
psychotic-like experiences exhibit slowed P3 latency on NoGo trials, indicative 
of increased difficulty in suppressing a response to a NoGo stimulus. This 
finding has implications for the clinical symptomatology in schizophrenia, as 
slowed inhibitory processing may impact on the patient’s ability to inhibit 
irrelevant stimuli, thoughts and behaviours (Ciesielski et al, 2004). These results 
may indicate the presence of early anomalous brain changes in those at-risk for 
psychosis prior to any behavioural manifestation of the disorder.
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This chapter examines the N400 ERP component in the N400 sentence paradigm 
in adolescents with psychotic-like experiences (PLEs) in comparison to a control 
group. The N400 effect reflects the effort required to integrate a word into its 
preceding context (i.e. a sentence). Many studies have reported abnormal N400 
responses in patients with schizophrenia and to a lesser extent in individuals at-risk 
for the disorder. The sentence paradigm employed in this chapter involved 
presenting sentences where the terminal word was either congruent or incongruent 
with the preceding context of the sentence. The N400 was examined as a 
difference waveform where the N400 response to the congruent sentence-endings 
was subtracted from the incongruent sentence-ending. Prolonged latency of the 
N400 component was evident in adolescents with strong PLEs at anterior frontal 
regions. The N400 responses to congruent an incongruent sentence endings were 
also examined but no significant difference was found across sentence type. 
Exploratory analyses undertaken to compare a group of participants with weak 
PLEs to the at-risk and control groups revealed that the weak PLE group 
performed more similar to the controls. The findings are discussed in relation to the 
previous literature in schizophrenia.
Abstract
In order to understand a sentence a network of cognitive processes are required to 
create a semantic representation that integrates each word into an overall 
contextual framework (Yang et al, 2010a). Electrophysiological studies on semantic 
comprehension have largely focused on the N400 component (Juottonen et al,
1996). This language-related component is a sensitive marker of semantic 
associations and reflects the effort required to integrate a word into its preceding 
context (e.g. a sentence) (Kutas and Federmeier, 2000). The N400 is a negative 
ERP that is maximal at centro-posterior regions and is evident between 250 and 
500 ms, peaking around 400 ms post-stimulus onset (Kutas and Federmeier,
2000). The N400 component was first reported by Kutas and Hillyard (1980a), 
where a negative deflection in amplitude around 400ms appeared in response to a 
semantically incongruent final word of a visually presented sentence. For example, 
“He takes his coffee with cream and dog" (Kumar and Debruille, 2004). This classic 
N400 paradigm comprises sentences that are presented, one word at a time, in 
which the last word is either congruent (i.e. makes sense with) or incongruent with 
preceding context of the sentence. The N400 has not only been elicited to 
anomalous sentence endings, but to incongruent word pairs, where the second 
word is semantically unrelated to the first word (Rugg, 1985), and also to spoken 
and signed language (Connolly et al, 1992; Neville et al, 1992; Kutas et al, 1987). 
However, it has not been evoked in response to grammatical violations or 
phonologically illegal words (e.g. ‘fishs’) (Juottonen et al, 1996). The N400 
response is typically examined as a difference waveform, where the ERP elicited in 
response to the congruent sentence ending is subtracted from the ERP to the
5.1. Introduction
incongruous sentence ending. However, some studies have also examined N400 
responses to the congruent and incongruent sentences separately. According to 
Nestor et al (1997), examining the N400 response in this way can elucidate 
whether an abnormal N400 reflects a loss of context or insensitivity to semantic 
incongruence. A loss of context is reflected by an abnormal N400 to congruent 
sentences and insensitivity to semantic incongruence is demonstrated by an 
abnormal N400 on the difference waveform.
Every meaningful word elicits an N400 response to an extent; however, an 
incongruent sentence ending reliably elicits a large N400 response, whereas a 
congruent final word elicits a small or non-existent N400 (Kutas and Hillyard, 
1980b). On the other hand, a congruent word that is unexpected or unpredictable 
within the context of the preceding sentence will also elicit a large N400 response 
(Dimigen et al, 2011). Therefore, the size of the N400 amplitude is inversely related 
to the cloze probability of a word within the given context. In other words, it reflects 
the degree of expectancy of a given word. Research has demonstrated that to a 
certain extent the N400 reflects a process referred to as ‘context integration’. That 
is, the N400 serves to index a process that integrates a word’s meaning into a 
higher-order situational representation (Kumar and Debruille, 2004). The ease of 
such integration is modulated by the difficulty in retrieval of information associated 
with a word from memory (Dimigen et al, 2011). Thus, when a word is consistent 
with the local context, integration is easier and the N400 response is reduced in 
amplitude (Kutas and Federmeier, 2000). The N400 is also modulated by 
contextual constraint, such that a sentence that is highly constrained by context 
would elicit a larger N400 response than a sentence of low contextual constraint.
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For example a highly constrained sentence would be “He mailed the letter without 
a stamp”, where stamp would be the obvious final word. However, a lowly 
constrained sentence ending could be “Bill hit his sister on the doorstep”, where 
‘doorstep’ could possibly make sense with the preceding context but the mostly 
likely final word would be ‘head’. Therefore, the ease of integration stems from the 
individual’s judgment of how plausible the sentence ending is (Kutas and 
Federmeier, 2000).
The literature to date suggests that the modulation of the N400 component in 
patients with schizophrenia differs significantly from that of a healthy individual. 
That is, relative to a healthy control, a patient with schizophrenia exhibits 
significantly reduced N400 amplitude and/or a delayed and often more prolonged 
latency in response to semantic violations (Adams et al, 1993). However, the 
findings on N400 amplitude are not consistent as some studies report reduced 
amplitude (Hokama et al, 2003; Mathalon et al, 2002a; Ohta et al, 1999; Bobes et 
al, 1996; Adams etal, 1993; Grillon et al, 1991; Mitchell et al, 1991), whereas 
others report normal N400 amplitude (Andrews et al, 1993; Koyama et al, 1991). 
Previous studies have also reported an enlarged N400 to an Incongruentword and 
also to a congruent word compared to a control group (Nestor et al, 1997; 
Niznikiewicz et al, 1997). The N400 latency findings are consistently more reliable 
than the amplitude findings in relation to patients with schizophrenia. The general 
consensus within the literature is one of a prolonged or delayed N400 latency 
following semantic violations (Salisbury et al, 2000; Ohta et al, 1999; Nestor et al, 
1997; Niznikiewicz et al, 1997; Olichney et al, 1997; Strandburg et al, 1997; Bobes 
etal, 1996; Koyama etal, 1994, 1991, Adams etal, 1993; Andrews etal, 1993;
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Grillon et al, 1991; Mitchell et al, 1991). It has been suggested that delayed latency 
is reflective of a slowed processing of linguistic information (Kumar and Debruille, 
2004; Hokama et al, 2003). Studies in populations defined as at-risk for developing 
a psychotic disorder are sparse, which is surprising given the robustness and 
reliability of the N400 latency findings in patients with schizophrenia. One study 
examined the N400 response in family relatives of patients with schizophrenia and 
found a reduction in N400 amplitude and delayed latency in these at-risk 
individuals (Guerra et al, 2009). Chen et al (2010) also found reduced amplitude 
and prolonged latency in first episode patients. Due to the paucity of data in 
individuals at-risk for schizophrenia, it is difficult to determine the potential of this 
component to become a marker of vulnerability for psychosis.
The explanations offered in the literature for the abnormalities observed in the 
N400 amplitude of patients with schizophrenia suggest an inefficient use of context 
due to a disruption in the spread of activation in semantic networks (Hokama et al, 
2003). Spread of activation occurs in semantic priming tasks where there is a 
propensity to respond to a target stimulus when it is preceded by a semantically 
related than unrelated prime (Mathalon et al, 2002a). Semantic priming is the 
decrease in reaction time to judge whether a letter-string is a word or a non-word 
(Kuperberg et al, 1998). Abnormal use of context to link words and concepts may 
therefore reflect a disinhibited spread of activation through semantic networks 
(Mathalon et al, 2002b; Spitzer, 1997). However, it remains controversial whether 
the N400 response reflects facilitated access to lexico-semantic features (Lau et al, 
2008) or a late post-lexical process of context integration (Holcomb, 1993; Brown 
and Hagoort, 1993). Nevertheless, it can be suggested that a complex process
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such as language comprehension must involve more than a spread of activation 
from a word to its semantic neighbours (Niznikiewicz et al, 1997). Therefore, it is 
possible that in sentence processing, a spread of activation accompanied by higher 
order processes that integrate each word to construct a conceptual representation 
may contribute to the N400 effect (Dimigen et al, 2011; Kuperberg et al, 1998). 
Other explanations for N400 abnormalities indicate that an abnormal N400 is 
simply a result of general language processing abnormalities (Kumar and 
Debruille, 2004). Bobes et al (1996) also suggested that patients with 
schizophrenia exhibit poor context use, which emphasizes their subsequent 
inability to generate expectancies of word endings.
The N400 component becomes more concentrated on centro-parietal 
regions as age increases from 5-6 years to 11-12 years (Byrne et al, 1999). 
Holcomb et al (1992) also found that N400 amplitude is larger in younger children 
and latency is more prolonged in response to semantically incongruous sentence 
endings. A defining feature of the N400 is its distribution across the scalp. The 
classic N400 in adults has a scalp distribution that is maximal over parietal and 
centro-parietal electrodes (Atchley et al, 2006). However, fMRI studies have shown 
activation in anterior inferior temporal lobe and inferior frontal regions in both adults 
and children during reading and semantic processing (Devlin et al, 2003). The 
N400 has also been associated with activity in the superior temporal sulcus, the 
medial temporal lobe and the ventrolateral prefrontal cortex (Kutas and 
Federmeier, 2000). ERP studies have reported differences in the amplitude, 
latency and topography of the N400 in children and adults on tasks involving 
semantic processes (Wehner et al, 2007). The spatial orientation of the N400 in
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children has been found at right anterior scalp locations, in contrast to the more 
central posterior distribution found in adults (Wehner et al, 2007; Silva-Pereyra et 
al, 2005; Coch and Holcomb, 2003). Also, compared with adults, children display 
less activation in the language-related left anterior areas, supporting the idea that 
language functions mature earlier in the posterior regions than in the anterior ones 
(Wehner et al, 2007; Simos et al, 2001). ERP source analysis has previously 
identified activity in the prefrontal cortex, right temporal cortex, and the anterior and 
posterior cingulate cortex (Frishkoff et al, 2004). Frishkoff et al (2004) also reported 
that semantic processes were initiated in frontal regions and occurred for longer 
than the processes observed in posterior regions. However, Halgren et al (2002) 
suggested that the N400 begins in the left superior temporal gyrus (Wernicke’s 
area) and propagates to the inferior frontal gyrus (Broca’s area) and to the 
dorsolateral prefrontal cortex.
The rationale for this experiment was to explore the N400 component in 
adolescents with psychotic-like experiences (PLEs) as abnormal N400 effects are 
robust findings in patients with schizophrenia and are also present in individuals 
who are at-risk for developing the disorder. The N400 sentence paradigm is 
thought to capture processes of semantic comprehension of visually presented 
sentences. ERP studies have traditionally used serial visual presentation where the 
words of a sentence are presented at a pre-defined fixed rate. However, the results 
from this method of presentation may not necessarily reflect online processes that 
occur during normal reading comprehension (Ditman et al, 2007). Although this 
method has been successful in studying the electrophysiological correlates of 
semantic expectancy and word recognition, research suggests that the processes
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employed depend on the rate of word presentation (Dimigen etal, 2011; Ditman et 
al, 2007). One solution to this issue is to record ERPs while the participants read 
sentences at their own pace (Ditman et al, 2007). Some studies use a self paced 
methodology where the participant makes a button press response when they are 
ready to move on to the next word in the sentence (Ditman et al, 2007). However, 
this method is still far from the normal reading pace as words still appear one by 
one in the centre of the screen (Ditman et al, 2007). Therefore, the current 
experiment attempted to overcome these issues by averaging the ERPs around 
the participant’s response rather than to the final word in the sentence. Therefore, 
as the N400 occurs prior to the participant’s response, this ERP was isolated from 
the time window preceding the motor response (Zurron et al, 2009).
Based on the analysis by Nestor et al (1997), the N400 component was 
examined in the congruent and incongruent sentences, as well as in the difference 
waveform. By investigating the N400 in terms of both difference waveforms and 
sentence type, Nestor et al (1997) suggest that it may be possible to distinguish 
abnormalities that are due to insensitivity to incongruence from those resulting from 
a failure to use the general semantic context. It was predicted that the N400 would 
have a midline scalp distribution and that the amplitude of this component would be 
larger in response to incongruent sentence endings than to congruent sentence 
endings. As abnormal N400 amplitude and latency has been previously reported in 
patients with schizophrenia, it was predicted that adolescents with PLEs will 
demonstrate similar findings in this sentences paradigm.
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5.2.1. Participants
Thirty-two participants (17 male; 15 female) completed the N400 sentences task. 
Nine participants were identified as an at-risk group as they experienced strong 
psychotic-like experiences. Nine participants had weak psychotic-like experiences 
(PLEs), which were not of sufficient severity or frequency for inclusion in the at-risk 
group. Finally, fourteen participants were characterised as a control group as they 
did not experience any psychotic-like experiences. Further details of the criteria 
employed for inclusion into the different participant groups are provided in Chapter 
2, section 2.4.
5.2.2. Task Design & Stimuli
The stimuli employed in this experiment were adapted from Bloom and Fischler’s 
(1980) sentence completion norms. These sentence-completion norms comprise 
two sets of 120 sentences followed by the frequency of responses given by 100 
undergraduate students who were instructed to read each sentence and give the 
first word that came to mind to complete the sentence. As these sentences had not 
been previously used with an adolescent sample, it was imperative to establish a 
set of norms for each sentence using an adolescent population. Sixty sentences 
were selected from the list to obtain norms in an adolescent population (Appendix 
11). One hundred and one adolescents (51 male; 50 female) aged 10-13 years 
from 4 schools in the Co. Kildare region completed a task whereby the 60 
sentences were presented in a pen and paper format with the final word missing 
and participants were required to fill in the final word with the first word that came
5.2. Method
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to mind. For example, ‘He mailed the letter without a _________ '. The task was
completed by pupils who had not agreed to participate in the study on the previous 
visits to these schools to avoid any possible practice effects.
Cloze probability was then calculated for each final word provided by the 
participants. Cloze probability can be defined as the proportion of participants who 
used a particular word as the terminating word for a given sentence. It is calculated 
by dividing the number of participants who used a particular word to terminate a 
sentence by the total number of participants (i.e. for the above sample of 101 
adolescents; if 90 adolescents provided the word ‘stamp’ as the final word, then 
90/101=0.89 cloze probability). The criteria employed to establish whether a word 
was of a high or low cloze probability were adopted from those utilised by Kutas 
and Hillyard (1984). A cloze probability value of above .5 was considered to be of 
high cloze probability, whereas, a cloze probability value of below .5 was 
considered to be of low cloze probability. Word frequency was controlled using 
Kucera & Francis Word Pool (1967). Utilising the frequencies obtained from this 
word pool, the mean word frequency of all the final words was calculated and any 
word which fell outside two standard deviations of the mean was substituted with a 
word of similiar cloze probability.
The final 69 stimuli utilised in the study consisted of 34 semantically 
congruent sentences, where the final word was easily established based on the 
preceding context of the sentence (e.g. 'In the first space enter your NAME’), and 
35 sentences were semantically incongruent, (e.g. ‘In the first space enter your 
HELMET’). The mean cloze probability was .61 for the congruent and .009 
incongruent terminal words. The sentences were presented and stayed on-screen
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until the participant responded. The inter-trial interval (ITI) was 650ms (i.e. the time 
given between the participant’s response and the onset of the next sentence).
Each sentence was 5-8 words in length, no word was be longer than two syllables 
and all words were presented in lower case. A practice session of five sentences 
was given to the participants to familiarise themselves with the task. Participants 
were informed that a series of sentences would appear on the screen and were 
instructed to read them at a natural pace as they would a newspaper or book and 
to decide whether or not the sentence makes sense. The participants were 
required to press ‘Y ’ on the keyboard if they thought the sentence made sense or 
‘N’ if it did not make sense (see Figure 5.1). Reaction times and accuracy data 
were computed for both congruent and incongruent sentences.
Figure 5.1: Sentences as presented to the participant on-screen. ‘Y ’ or ‘N’ 
keyboard press indicated congruency or incongruency.
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Response times were measured from the onset of the sentence to the participant’s 
response, and these were recorded for all trials. Response-locked ERPs were 
obtained using the participant’s response as the trigger. Epochs of 900ms length 
were used, starting at-600ms pre-response until 300ms after the response. 
Baseline definition was -600 to -500ms pre-response. Only trials with correct 
responses to congruent and incongruent sentences were included in the ERP 
averages. The number of trials accepted for each condition is presented in Table
5.1. The N400 component was identified from visual inspection of the response- 
locked grand average waveform and from the previous literature on the N400 
topography in adolescents and children (sees Figures 5.2 and 5.3). The N400 
waveform was evident in an 80 millisecond period (-160ms to -80ms pre-response) 
prior to the response at electrodes AF3, AF4, F3, Fz and F4 (see Figure 5.2).
Mean amplitude and peak latency values for each electrode examined are 
presented in Table 5.2. See Chapter 2, section 2.8 for details of the recording 
procedure.
5.2.3. Data Analyses
Table 5.1: Mean numbers of trials included from each condition for grand 
averages.
Number of 
Trials
Accepted
Overall 
M (SD)
Controls 
M (SD)
At-Risk 
M (SD)
Weak PLEs 
M (SD)
Congruent 26.91 (4.92) 26.14 (4.94) 27.44 (6.19) 27.56 (3.75)
Incongruent 22.09 (3.77) 20.93 (3.41) 22.78 (3.31) 23.22 (4.58)
Total 49.00 (6.95) 47.07 (6.73) 50.22 (8.17) 50.78 (5.91)
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Figure 5.2: 64 EEG channel array displaying mean activity of the difference 
waveform for the controls (blue) and the at-risk (red) groups with five selected 
electrode sites for further analysis. Mean amplitude (pV) is represented on the y- 
axis and time (ms) is presented on the x-axis.
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Figure 5.3: Overall N400 topography at 104ms pre-response displaying left frontal 
activity. Mean amplitude (pV) is represented on the y-axis and time (ms) is 
presented on the x-axis.
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Table 5.2: Mean amplitude (pV) and peak latency values (ms) with standard
deviation (SD) values at anterior-frontal and frontal electrode sites for each group.
Mean Amplitude Difference Waveform
Electrode
Location
Controls 
M (SD)
At-Risk 
M (SD)
ES d (r) 
(At-Risk vs. 
Controls)
AF3 -1.39 pV (4.58) -1.29 pV (2.76) -0.03 (-0.01)
AF4 -.73 pV (4.98) -.59 pV (2.94) -0.03 (-0.02)
F3 -.72 pV (4.42) -1.63 pV (3.56) 0.23 (0.11)
Fz .13 pV (4.75) -.31 pV (5.67) 0.09 (0.04)
F4 .29 pV (5.28) .16 pV (4.86) 0.03 (0.01)
Peak Latency Difference Waveform
Electrode
Location
Controls 
M (SD)
At-Risk 
M (SD)
ES d  (r) 
(At-Risk vs. 
Controls)
AF3 -8.29ms (46.73) 40.22ms (28.77) -1.25 (-0.53)
AF4 -13.57ms (45.61) 20.44ms (36.12) -0.83 (-0.38)
F3 4.86ms (41.28) 32.22ms (34.88) -0.72 (-0.34)
Fz -0.71ms (46.53) 13.33ms (26.74)) -0.37 (-0.18)
F4 1.43ms (51.67) 22.67ms (39.57) -0.43 (-0.21)
Note: Effect sizes are calculated as the s tandardized mean dif erences: (Mean of
at-risk group minus the mean of controls)/Pooled SD. Pooled SD is SD1+SD2/2. 
5.2.4. Statistical Analyses
Participants were compared on demographic factors such as age, sex, 
handedness and socioeconomic status. Accuracy and reaction time overall and on 
congruent and incongruent trials were compared across the groups with a 
Bonferroni corrected Mann-Whitney non-parametric U test. Based on the analysis 
of Nestor et al (1997), the ERP analysis was split into two parts, where difference 
waveforms were analysed first to examine the effect of semantic congruence in 
both the control and the at-risk groups. The N400 response to both congruent and 
incongruent sentences was then analysed to investigate sensitivity to semantic 
context in both groups. Mann-Whitney U tests with Bonferroni corrections were 
conducted to compare the groups on N400 mean amplitude across each electrode
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site, followed by repeated measures ANOVA to examine any differences in overall 
amplitude across site. A 2x2 repeated measures ANOVA with Hemisphere (left; 
right) and Site (AF3, F3; AF4, F4) as within subjects variables investigated 
hemispheric differences in amplitude overall, which was then repeated in each 
group separately.
To compare the N400 across sentence type, a 2x5 repeated measures 
ANOVA was conducted with Sentence-type (congruent, incongruent) as the 
between subjects variable and Site (AF3, AF4, F3, Fz, F4) as the within subjects 
variable. The file was split to examine the N400 in response to each sentence type 
in each of the groups separately. A Mann-Whitney U test with Bonferroni correction 
compared the groups at each electrode site in each sentence type condition. All 
analyses were repeated for N400 latency. As the participants who reported weak 
PLEs did not meet sufficient criteria to enter either the at-risk or the control groups, 
they were removed from the main analyses. However, to elucidate whether this 
group performed more similar to the at-risk group or to the control group, these 
participants with weak psychotic symptoms were included as a third independent 
group in a separate batch of analyses. Due to the low numbers of participants in 
the at-risk group (n=9) compared to the control group (n=14), and as the data was 
no normally distributed, non-parametric alternatives to within and between groups 
ANOVA and independent t-tests were performed for between group analyses. 
Bonferroni corrections were performed for multiple comparisons with Mann- 
Whitney U tests.
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Mann-Whitney U tests with Bonferroni correction confirmed that the groups did not 
differ significantly on demographic variables such as, age, sex, socioeconomic 
status or handedness (see Table 5.3).
5.3. Results
5.3.1. Demographic Comparisons
Table 5.3: Demographic means, standard deviations (SD) and significance values
for group comparisons.
Variable Overall At-Risk Controls F & P Values
N=23 (N=9) (N=14) P < 0.05
Age (Mean Years/SD) 11.43
(.66)
11.56
(.88)
11.40
(.50)
U=52.500,
p=.459
Sex (Male; Female) 12 M; 11 
F
6 M; 3 F 6 M; 8 F U=48.000,
p=.275
Handedness 22 R; 1 L 9 R 13 R U=58.500,
0 L 1 L p=.423
SES N=21; 8 Prof. 13 Prof. 11=50.000,
(N=Professional /Managerial 
& Other)
2 Other 1 Other 1 Other p=.287
Note: ‘Profession/Managerial’ denotes the number of participants’ parent’s 
occupations in the Professional or managerial category. SES = Socioeconomic 
Status. Significance value is Bonferroni corrected for multiple comparisons, i.e. 
p=0.01.
5.3.2. Behavioural Results
Mann-Whitney U non-parametric tests were performed to compare the at-risk 
group to the controls on accuracy and reaction time. There were no group 
differences in reaction time or accuracy overall or on congruent and incongruent 
trials (see Table 5.4).
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Table 5.4: Means, standard deviations and significance values for accuracy and
reaction time (ms) measures overall and across group.
Behavioural
Measure
Overall
N=23
Controls
N=14
At-Risk
N=9
F & P
values
Accuracy M (SD) M (SD) M (SD) Df = 1
Total Accuracy 48.87 (3.696) 48.64 (3.342) 49.22(4.381) U=54.000, 
p=. 567
Congruent
Accuracy
26.96 (3.296) 27.21 (2.547) 26.56 (4.362) U=60.500,
p=.873
Incongruent
Accuracy
21.91 (2.610) 21.43 (2.652) 22.67 (2.500) U=47.000,
p=.309
Reaction Time
(RT)
M (SD) M (SD) M(SD) Df = 1
Total RT 4360.84
(1424.11)
4116.71
(1309.11)
4740.61
(1589.28)
U=55.000,
p=.614
Congruent RT 4028.26
(1275.64)
3814.25
(1109.60)
4361.17
(1506.47)
U=51.000,
p=.450
Incongruent RT 4753.56
(1573.28)
4484.75
(1533.01)
5171.71
(1632.39)
U=48.000,
p=.345
5.3.3. Electrophysiological Results
5.3.3.1. N400 Amplitude
5.3.3.1.1. Difference Waveforms
Mann-Whitney U tests compared the control and at-risk groups across five frontal 
electrode sites, with no significant differences found for N400 amplitude (see Table 
5.5). A repeated measures ANOVA comparing overall N400 amplitude across 
electrode site revealed no significant difference [F (4, 88) = 1-971, p=.139). 
Repeated measures ANOVA also compared N400 amplitude across hemisphere 
[i.e. left: AF3 and F3; right: AF4 and F4], The results revealed no significant 
difference [F (1, 22) = 2.275, p=.146]. The analysis was repeated for each group 
separately, in which no significant differences were found.
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5.3.3.1.2. N400 Amplitude to Congruent and Incongruent Sentences 
Repeated measures ANOVA compared the N400 response to congruent 
sentences to the response observed for the incongruent sentences. Although a 
trend was evident for enhanced negativity to incongruent sentences overall, the 
effect was not significant [F (1, 22) = .496, p=.489] (see Figure 5.4). This effect was 
similar when the file was split to examine each group individually. The groups were 
compared on N400 amplitude across the five electrode sites In the congruent 
condition and then in the incongruent condition. However, no significant group 
differences were found (see Table 5.5).
N400 Amplitude
0.5
0 -I
— Congruent
— Incongruent
2
AF3 AF4 F3 Fz F4
Figure 5.4: Overall N400 amplitude at congruent and incongruent sentences. Mean 
amplitude (pV) is represented on the y-axis and time (ms) is presented on the x- 
axis.
-0.5
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5.3.3.2.1. Difference Waveforms
Mann-Whitney U tests with Bonferroni correction (p=0.01) compared the groups on 
N400 latency across the five electrode sites, with a significant group difference 
evident at electrode AF3 [U=21.500, p=.009] (see Figure 5.5). Repeated measures 
ANOVA comparing N400 latency across electrode site and revealed no significant 
differences. N400 latency was also compared across hemisphere, but no 
significant differences were found overall or in each group separately.
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Figure 5.5: The controls (blue) compared to the at-risk group (red) on N400 latency 
at electrode AF3. Mean amplitude (pV) is represented on the y-axis and time (ms) 
is presented on the x-axis.
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5.3.3.2.2. N400 Latency to Congruent and Incongruent Sentences 
N400 latency was compared across sentence type and there was a trend towards 
longer latency in the incongruent condition, though the effect was not significant [F 
(1, 22) = 1.566, p=.224]. However, when the file was split to examine the groups 
individually, the at-risk group yielded significantly longer latency to incongruent 
sentences than to congruent sentences at electrode Fz [F (1,8) = 24.737, p=.001] 
(see Figure 5.6). N400 latency did not differ across sentence type in the control 
group. The groups were compared across electrode sites of each sentence type 
and revealed significant group differences at electrode AF3 in the congruent 
sentence type [H=3.892, p=.049] and at AF4 in the incongruent sentence type 
[H=4.478, p=.034]. However, when Bonferroni correction was applied, these 
differences were not significant.
Fz
8
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Figure 5.6: N400 latency at electrode Fz, comparing the at-risk group's N400 
latency response to congruent and incongruent sentences. Mean amplitude (pV) is
represented on the y-axis and time (ms) is presented on the x-axis.
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Table 5.5: Group differences on amplitude (pV) and latency (ms) at each electrode
in the difference waveforms and on each sentence type.
N400 Amplitude Significance
Values
N400 Latency Significance
Values
Différence Waveform Difference Waveform
A F 3 U =63.000,
p = 1.0 0 0
A F 3 U = 2 1.5 0 0 ,
p=.009*
A F4 U = 5 1.0 0 0 . p=.450 A F4 U = 34.50 0 , p = .073
F3 U = 55.000 , p = .6 14 F 3 U =36.500 , p=.095
Fz U=60.000, p=.850 Fz U = 5 1 .500, p=.468
F4 11= 6 1.0 0 0 , p=.900 F4 U=47.000 , p = .3 13
Congruent Sentence 
Type
Congruent Sentence 
Type
A F 3 U = 52.000 . p=.488 A F 3 U = 32.000 , p = .049
AF4 U = 55.000 , p = .6 14 A F4 U = 55.50 0 , p=.634
F 3 U =46.000, p=.284 F 3 U = 35.50 0 , p = .081
Fz U =48.000. p = .345 Fz U = 55.50 0 , p= .634
F4 U =57.000 , p = .705 F4 U = 63.000 , 
p = 1.0 0 0
Incongruent 
Sentence T y p e
Incongruent 
Sentence T y p e
A F 3 U =54.000, p = .57 1 A F 3 U = 32.50 0 , p = .0 53
A F4 U =45.000, p = .257 A F4 U =29 .500 , p=.034
F 3 U = 55.000 , p = .6 14 F 3 U = 55.000 , p=.609
Fz U = 5 1 .000, p=.450 Fz U =40.000, p=. 14 1
F4 U =60.000, p=.850 F4 U=42.000 , p= 18 3
Note: ‘Significant at P<0.01.
5.3.4. Results including Participants with Weak PLEs
Statistical analyses were repeated to include the participants with weak PLEs to 
ascertain whether this group performed more similarly to the controls or to the at- 
risk group. On behavioural measures, a Kruskal-Wallis non-parametric test 
revealed no significant differences across the three groups on accuracy or on 
reaction time. N400 amplitude and latency were also compared across groups with 
no significant differences in mean amplitude. However, there were group 
differences in N400 latency at electrodes AF3 (r=10.741, DF=2, p=.005) and F3
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(r=11.252, DF=2, p=.004) in the left hemisphere. Mann-Whitney U tests confirmed 
significant differences at electrode AF3 between the at-risk group and the 
participants with weak PLEs (U=6.000, p=.002). Significant group differences were 
also found at electrode F3 between the controls and participants with weak PLEs 
(U=29.500, p=.035) and between the at-risk group and the participants with weak 
PLEs (U=4.000, p=.001) (see Figures 5.7 and 5.8).
AF3
8
A
Figure 5.7: N400 latency at electrode AF3 across comparing the at-risk group to 
the weak PLE group. Mean amplitude (pV) is represented on the y-axis and time 
(ms) Is presented on the x-axis.
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Figure 5.8: N400 latency at electrode F3 across the three groups.
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This experiment examined the language-related N400 component in adolescents 
with psychotic-like experiences (PLEs) compared to a group of controls on a 
sentence completion paradigm. The main finding from this experiment was 
evidence of prolonged latency in the N400 component in adolescents with PLEs at 
anterior frontal regions. However, caution must be exercised concerning group 
differences as a result of the low numbers of trials included and also the low 
number of participants in the at-risk group. Both groups performed similarly on 
behavioural measures of accuracy and reaction time. Although there was a trend 
overall towards enlarged N400 amplitude and delayed latency in response to the 
incongruent sentences compared to the congruent sentences, this effect was not 
significant. Finally, there were no hemispheric differences in N400 amplitude or 
latency. When participants with weak PLEs were included in the analysis as third 
independent group, they performed more similar to the control group than to the at- 
risk group.
The N400 component was evident at frontal regions of the scalp. Although 
the N400 is usually located in centro-parietal regions in adults and sometimes in 
children (Byrne et al, 1999), other studies have found more anterior scalp 
topography for the N400 in children (Wehner et al, 2007; Coch and Holcomb 
2003). As stated previously, fMRI studies have also reported activity in inferior 
frontal regions (Devlin et al, 2003) and also in the ventrolateral prefrontal sulcus 
(Kutas and Federmeier, 2000) during reading and semantic processing. A recent 
meta-analysis of imaging studies in adults stated that neural sources for the N400 
had been found in both hemispheres but with stronger evidence in the left
5.4. Discussion
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hemisphere (Vigneau et al, 2011). From visual inspection, the topography of the 
N400 in the current experiment appeared to be located in the left hemisphere; 
therefore the difference waveforms as well as the N400 response to the congruent 
and incongruent sentences were subject to analysis comparing the N400 amplitude 
and latency across hemisphere. However, there was no difference in the N400 
across hemisphere, which supports previous findings of a lack of asymmetry in 
children (Holcomb et al, 1992) and adults (Licht et al, 1988). According to Emilsson
(2011), the N400 begins at 250ms from onset of the stimulus in the posterior half of 
the superior temporal gyrus, propagating itself forward and ventrally to the left 
temporal lobe (365 ms) and thereafter to the right anterior temporal lobe and to 
both frontal lobes (370-500 ms). This suggests that in the current study, the N400 
recorded prior to the participant’s motor response may have been at the later 
stages of the elicited N400 response.
The N400 was examined in terms of the difference waveform and also in 
relation to each sentence type. The groups did not differ on N400 amplitude on any 
of these conditions, suggesting that the N400 is unaffected in this group of 
symptomatically at-risk adolescents. The at-risk group appeared to be sensitive to 
semantic incongruence, which was demonstrated by the lack of a group difference 
in the N400 difference waveform. In other words, the at-risk group's ability to 
generate expectancies and to use context appropriately to respond to a 
semantically incongruent sentence ending was not affected. Regarding sentence 
type, the absence of a group difference implied that semantic context was used 
efficiently in the at-risk group, which was reflected in the small N400 to the final 
words of congruent sentences. These findings suggest that N400 amplitude may
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not be affected in individuals at-risk for schizophrenia. However, as the findings for 
N400 amplitude are not consistent in schizophrenia, some studies also report intact 
N400 amplitude (Andrews et al, 1993, Koyama et al, 1991).
Although there were no group differences in N400 amplitude to the 
difference waveform; the at-risk group exhibited prolonged latency compared to the 
control group in the N400 difference waveform at anterior frontal regions. Despite a 
lack of behavioural differences in reaction time, this finding suggests that the at-risk 
group were slower at integrating the semantically incongruent final words into the 
sentence context compared to the control group. Latency is thought to index the 
speed of cognitive processes and prolonged latency is likely to reflect greater 
difficulty in utilising context (Niznikiewicz et al, 1997). Prolonged latency suggests 
that the speed of neuronal firing is slowed and may be specific to the cognitive 
neural mechanisms involved in the comprehension of sentences (Nestor et al,
1997). N400 latency differences are the most robust and reliable findings in 
patients with schizophrenia as studies consistently report prolonged or delayed 
N400 latency to incongruent sentence endings (Grillon et al, 1991; Koyama et al, 
1991; Adams et al, 1993; Mitchell et al, 1991).
Despite a trend towards larger N400 amplitude and prolonged latency in 
response to the incongruent sentences compared to the congruent sentences; the 
lack of a significant difference in overall N400 amplitude and latency across 
congruent and incongruent sentences may have been due to the high probability of 
incongruent sentence endings. According to Nestor et al (1997), the high 
probability (50%) may have lessened the incongruity effect as the participants may 
have become accustomed to the occurrence of an incongruent sentence ending as
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half of the sentences had a congruent final word, whereas the other half had an 
incongruent final word. Therefore, given the overall context of the task, the 
incongruity effect may not have been as pronounced. This suggests that the N400 
may be related more so to semantic expectancies rather than semantic 
incongruence or plausibility (Nestor et al, 1997). Repeated measures ANOVA tests 
examined the N400 amplitude to congruent and incongruent sentences in each 
group separately, yielding no significant differences across condition. However, 
N400 latency in the at-risk group differed significantly from the congruent to the 
incongruent sentences, with prolonged latency evident in the incongruent 
sentences. As this effect was not observed in the control group, this finding may 
provide further support to the hypothesis that this at-risk group may have had more 
difficulty in generating expectancies. Despite similar performance between the 
groups on accuracy, the at-risk group was particularly slow in processing the 
incongruent sentences and was possibly slower at integrating these final words 
into their preceding contexts compared to the controls.
Exploratory analyses sought to investigate ERP activity in a group of 
participants reporting weak PLEs and also to establish whether the N400 
component in this group was more comparable to that observed in the controls or 
in the at-risk group. The results of this analysis revealed no significant differences 
between the controls and the participants with weak PLEs. However, the at-risk 
group had significantly prolonged latency in comparison to the participants with 
weak PLEs at left anterior frontal areas. These findings suggest the participants 
with weak PLEs are more similar to individuals with no psychotic-like experiences. 
However, due to the low numbers of participants included in both the at-risk group
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(N=9) and the weak PLE group (N=9), these group differences must be interpreted 
with caution.
Some limitations of this experiment include the small sample size and also 
the number of trials included for averaging as this number was small in comparison 
to other studies and as a result, the averaged waveforms were quite noisy. 
However, Rugg and Allan (2000) argue that 20-50 trials per experimental condition 
are sufficient for satisfactory signal to noise ratios in an averaged ERP waveform. 
Also, Nestor et al (1997) employed 40 sentences per condition in a sentences 
paradigm for investigation of the N400 component Nevertheless, as the majority of 
studies obtain much higher numbers of trials in each experimental condition, 
caution must be exercised when interpreting the results of this experiment. Also, in 
order to accurately compare the findings in this at-risk adolescent sample to those 
found in patients with schizophrenia, presenting the sentences one word at a time 
and stimulus-locking the ERPs to the onset of the final word may provide an 
optimal opportunity to compare the results to previous studies.
Future directions could examine the late positive component (P600) as it is 
a measure of syntactic violations and it is also impaired in patients with 
schizophrenia. However, it is possible that this component may not be present or 
fully developed in this age group as Juottonen et al (1996) did not find any 
evidence for a late positive component in children, whereas in adults this 
component was larger in the incongruous condition compared to the congruous 
condition in adults. Another possibility would be to' investigate earlier sensory 
components (e.g. N100 and P200) to ascertain whether or not language 
dysfunction is associated with sensory aspects of language processing. Finally,
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examining varying levels of contextual constraint and cloze probability measures 
may elucidate whether the N400 is more reflective of degree of expectancy or 
plausibility. For instance, in a recent review by Kutas and Federmeier (2011), an 
N400 to a sentence with high contextual constraint but with low cloze probability 
(e.g. the bill was due at the end of the hour) and a sentence with low contextual 
constraint with low cloze probability (e.g. he was soothed by the gentle wind) were 
much larger than those to high cloze probability endings (e.g. the bill was due at 
the end of the month).
In conclusion, the at-risk group were characterised by prolonged N400 
latency in comparison to the control group and also to a group of participants 
reporting weak psychotic-like experiences These findings suggest that despite 
similar behavioural performance on a task of semantic comprehension, the at-risk 
group may have had more difficulty integrating the final word of an incongruent 
sentence into its preceding context. Due to the paucity of data in at-risk 
populations, more research is required to investigate whether N400 latency could 
be a potential endophenotypic marker of vulnerability to psychosis.
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This chapter examines the P300 and N400 components on a task of receptive 
language in adolescents with psychotic-like experiences (PLEs) compared to a 
group of matched controls. Language impairments have been consistently 
reported in patients with schizophrenia, as well as in individuals at-risk for the 
disorder. In particular, receptive language abnormalities have been identified in 
adolescents reporting psychotic-like experiences. The task employed in this 
chapter was the British Picture Vocabulary Scale-ll (BPVS-II), where a grid of 
four pictures was presented on-screen with an accompanying auditory word that 
described one of the pictures. The participants were required to select the 
picture that was described by the word. The task was divided into ‘Easy’ and 
‘Difficult’ sets to compare the groups on behavioural responses such as 
accuracy and reaction time. The P300 and N400 ERP components were 
examined within the Easy and Difficult dichotomy as a function of word 
recognition and semantic comprehension, respectively. Latéralisation of 
language was assessed in the N400 time window. Participants with weak 
psychotic-like experiences (PLEs) were included in a separate exploratory 
analysis, where this group’s task performance and neural activity was compared 
to the at-risk and control groups. Behaviourally, accuracy was higher and 
reaction time was faster in the Easy sets compared to the Difficult sets. The at- 
risk group were significantly lower in accuracy on the Difficult sets than the 
controls and reaction time was similar across groups. P300 amplitude differed 
significantly across correct and incorrect conditions but P300 latency did not 
differ across the conditions. The at-risk group exhibited a reduction in P300 
amplitude at electrode Fz. No group differences were found for P300 latency. 
N400 amplitude was higher and latency was shorter to Easy sets than to
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Difficult sets. No group differences were found for N400 amplitude or latency. 
The laterality index revealed left latéralisation for language in both groups. The 
participants with weak PLEs yielded similar behavioural and ERP findings to the 
control group. The findings are discussed in relation to the previous literature in 
schizophrenia and also in relation to the findings from the previous chapters, 
suggesting deficits in receptive language.
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Language impairments are a core deficit of schizophrenia (Condray et al, 2005). 
Language abnormalities are present in patients with schizophrenia (Spironelli et 
al, 2008), as well as in first episode patients (DeLisi et al, 1997), prodromal 
individuals (Klosterkotter et al, 2001), non-psychotic family relatives (Condray et 
al, 2002), those genetically at risk (Li et al, 2007), and those at ultra-high risk 
(Sabb et al, 2010). In particular, receptive language deficits have been 
previously found in patients with schizophrenia and also in at-risk populations 
(Blanchard et al, 2010; Cannon et al, 2002; Condray et al, 2002; Shalllce et al,
1991).
In a group of prodromal patients, Klosterkotter et al (2001) found that 
disturbances of receptive language were predictive of schizophrenia with a 
probability of up to 91% (specificity: 0.85-0.91; false-positive predictions: 1.9%- 
7.5%). Receptive language impairments have also been found in adolescents 
with psychotic-like experiences. As previously mentioned in Chapter 1, Cannon 
et al (2002) demonstrated that receptive language deficits were present only in 
adolescents who were later diagnosed with schizophreniform disorder.
Receptive language disturbances were also related to psychotic symptoms at 
age eleven in this cohort (Cannon et al, 2002). Howlin et al (2000) also revealed 
that ten per cent of a group of children with developmental receptive language 
disorder had developed schizophrenia in adulthood. Finally, Blanchard et al 
(2010) reported significantly reduced receptive language ability in adolescents 
with psychotic-like experiences when compared to a control group. These 
findings suggest that deficits in processing language may be among the earliest 
emerging abnormalities in schizophrenia-spectrum disorders.
6.1. Introduction
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Event-related potentials (ERPs) are important for the study of language 
as they permit the investigation of continuous online processing while a 
participant is engaged in a task. In contrast to behavioural tasks, where the end 
point of language processing is recorded as an overt response; ERPs provide 
information on the various stages of processing, such as word recognition, 
context integration, decision-making and response selection processes. The 
language-related N400 component is a sensitive marker of semantic 
relationships and reflects the ease in which a stimulus can be integrated into its 
preceding context (Kutas and Federmeier, 2000). As previously mentioned in 
Chapter 5, the N400 is a centro-posteriorly distributed negative-going waveform 
that is evident between 250 and 500 ms and peaks at approximately 400 ms 
post-stimulus onset (Kutas and Federmeier, 2000). Much of the research 
examining the N400 in schizophrenia has been conducted in the visual modality 
utilising printed words or a combination of pictures and printed words. According 
to Kumar and Debruille (2004), the N400 does not vary much across linguistic 
stimulus modality. That is, regardless of stimulus type, the N400 response 
elicited by linguistic stimuli (words) and non linguistic stimuli (pictures) is very 
similar. Although the modality in which the stimuli are presented does not affect 
the N400 response, the task parameters employed to elicit the response may 
have an effect on the resulting N400 waveform.
The results obtained from different paradigms (e.g. lexical decision, 
semantic priming and sentence-completlon paradigms); sometimes yield 
contradictory findings, particularly for the N400. These findings may be partly 
due to differences in methodology, such as varying interstimulus intervals (ISIs) 
or stimulus-onset asynchronies (SOAs). For example, studies utilising the 
sentence paradigm by Kutas and Hillyard (1980a) in schizophrenia have found
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reduced N400 amplitude and prolonged latency (Olichney et al, 1997; Andrews 
et al, 1993; Mitchell et al, 1991), whereas others have found an enlarged N400 
and prolonged latency (Niznikiewicz et al, 1997; Nestor et al, 1997). Other 
paradigms such as lexical decision tasks and semantic priming tasks have also 
yielded inconsistent findings regarding the N400. Lexical decision tasks have 
revealed mixed findings such as reduced amplitude and delayed latency 
(Hokama et al, 2003), enlarged amplitude (Strandburg et al, 1997) and also 
normal N400 amplitude but prolonged latency (Koyama et al, 1994; Condray et 
al, 1999). Semantic priming tasks have yielded results of reduced amplitude 
and delayed latency (Guerra et al, 2009; Mathalon et al, 2002a; Bobes et al,
1996; Grillon et al, 1991). However, these findings suggest that not only is the 
N400 impaired in sentential contexts, but also to word pairs and word-picture 
pairs.
As well as investigating the N400 component, extensive literature on the 
P300 component in schizophrenia has reliably demonstrated reduced amplitude 
and prolonged latency in various tasks, most notably the auditory oddball task 
(Van Tricht et al, 2010; Frommann et al, 2008; Bramón et al, 2005; Polich and 
Kok, 1995). The P300 is a positive-going waveform that is distributed over 
centro-parietal regions and is maximal over midline scalp sites, peaking at 
300ms (Duncan et al, 2009). P300 amplitude is thought to reflect context 
updating and also of the amount of attentional resources assigned to a 
particular task, whereas P300 latency reflects speed of processing, with shorter 
latencies indicating superior cognitive performance (Katsanis et al, 1996; Kutas 
et al, 1977). However, the P300 component can also offer insight into language 
processing as a function of vocabulary knowledge (Connolly and D’Arcy, 2000). 
In a study by Connolly et al (1999), electrophysiological correlates of receptive
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vocabulary were assessed in healthy individuals with the vocabulary subtests of 
the Wechsler Adult Intelligence Scale-Revised as a Neuropsychological 
Instrument (WAIS-R Nl; Kaplan et a I, 1991). In this study, a word was presented 
with five possible definitions and the participant was required to identify the 
correct definition of the word. The authors reported the presence of a P300 
component only to correctly identified trials. As the P300 amplitude decreased 
when the difficulty of the words increased, it was concluded that the elicitation of 
a strong P300 response reflected the participant’s knowledge of the words 
definition (Connolly et al, 1999). These findings were also replicated using the 
Psycholinguistic Assessments of Language Processing in Aphasia (PALPA;
Kay et al, 1992), where a sentence and was presented with three pictures 
where the participant’s task was to select the picture that matched the sentence 
(D’Arcy et al, 2000). The P300 observed in the correct condition was proposed 
to reflect recognition memory.
The topography of event-related potentials in children differs to that 
observed in adults. However, the consensus is that the topography of 
components identified in adults is more widely distributed in young children and 
becomes more convergent on one area of the scalp with age. According to 
Atchley et al (2006), the N400 component in children aged 8-13 years tends to 
be greater in amplitude and more delayed in latency than that observed in 
adults. Byrne et al (1999) examined four age groups of children ranging from 
age 5 to 12 years, in which developmental changes were evident in the 
topography of the N400 component. In 5-6 year olds, a broadly distributed 
N400 was evident across frontal, centro-parietal and temporal sites. However, 
with increasing age, the N400 component was more concentrated in centro- 
parietal sites as observed and reported in adult populations. Holcomb et al
(1992) also examined the N400 component in ten different age bands of 
participants ranging from 5-26 years, where the latency and amplitude of the 
N400 decreased as age increased from ages 5-16 years and the location of the 
component was more anterior than that found in adult populations. Studies 
comparing the P300 component in children and adults have found that P300 
latency is longer in children and decreases from childhood to adulthood and the 
P300 amplitude is enhanced as age increases (Polich et al, 1990; Ladish and 
Polich, 1989). However, Goodin et al (1978) found an increase in latency after 
15 years of age and Polich et al (1985) observed an increase in latency 
between 20 and 70 years.
ERP research in children and adolescents has previously used 
standardised neuropsychological tests to study language processes. Byrne et al 
(1995) and Connolly et al (1995) used the Peabody Picture Vocabulary Test- 
Revised (PPVT-R; Dunn and Dunn, 1981) task in 10 year old children and in 
young adults, respectively. An N400 was observed in response to incongruent 
stimuli, where the word-picture pair did not match semantically. A P300 
component was also evident in response to congruent stimuli, where the 
picture-word pair did match semantically, but only on the trials where the 
participant correctly identified the semantically related word-picture pair. This 
P300 response was also found using the vocabulary subtests from the 
Wechsler Intelligence Scale for Children-lll (WISC-III; Wechsler, 1991) 
(Connolly et al, 1999). The authors concluded that the presence of the P300 to 
correctly identified stimulus reflected vocabulary knowledge (Connolly et al, 
1999). Also, a study by Henderson et al (2011) adapted the BPVS-III (Dunn et 
al, 2009) to examine the N400 response in healthy children aged 8-10 years. 
Adapting the task as word-picture pairs that were either congruent or
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incongruent, the authors found that while the N400 indexes a process important 
for comprehension, the lack of a correlation between behavioural and 
neurophysiological measures of receptive vocabulary suggested that the N400 
was a weak indicator of vocabulary knowledge in children (Henderson et al, 
2011).
The rationale for adapting the BPVS-II task was based on previous 
behavioural findings, which demonstrated deficits in receptive language ability 
in adolescents reporting PLEs (Blanchard et al, 2010; Cannon et al, 2002). This 
study found that adolescents with PLEs had significantly lower accuracy scores 
on the BPVS-II task when compared to a control group (Blanchard et al, 2010).
In contrast to other studies, which altered similar neuropsychological tests as 
word-picture pairs to examine the N400 and P300 components, our incentive 
was to adhere to the original administration parameters as much as possible 
(Henderson et al, 2011 ; Connolly et al, 2000; Byrne et al, 1999). Adapting 
standardised neuropsychological tests for recording ERPs may control for some 
of the variance resulting from modified tasks and may provide some certainty 
that the recorded ERPs were tapping the same cognitive processes as the 
behaviourally administered version, i.e. receptive vocabulary. Therefore, the 
coupling of standardised neuropsychological tests and simultaneous ERP 
recording may provide neurophysiological support to the existing 
neuropsychological literature on those at-risk for schizophrenia. We predicted a 
large deflection in N400 amplitude in response to a spoken word from the 
difficult sets of the task. We also hypothesised that the P300 component would 
differentiate between correct and incorrect conditions, where it would be present 
in the correct condition and absent in the incorrect condition. As previous 
studies on patients with schizophrenia and in those at-risk for schizophrenia
have found reduced amplitudes and prolonged latencies of these components, 
we predicted that the at-risk group would yield similar patterns in the ERP 
waveforms in comparison to controls.
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6.2.1. Participants
Forty-two participants aged between 10 and 13 years old (21 Male; 21 Female) 
completed the BPVS-II task while recording ERPs. Sixteen participants had 
strong psychotic-like experiences (PLEs) and were defined as an at-risk group. 
Twenty-one had no psychotic symptoms and served as a control group. Five 
participants reported weak psychotic-like experiences and were subsequently 
removed from the main analyses. Therefore, data from thirty-seven participants 
(18 Male; 19 Female) were analysed. Information on the criteria employed for 
distinguishing between strong and weak PLEs is provided in Chapter 2, section
6.2.2. Task Stimuli
The ERP task stimuli were adapted directly from the pen and paper version of 
the British Picture Vocabulary Scale-2nd Edition (BPVS-II; Dunn et al, 1997). 
The BPVS-II is a test of receptive vocabulary for use with children aged 3-15 
years (Dunn et al, 1997). The complete version of the BPVS-II task consists of 
fourteen sets, with twelve trials in each set. Each trial consists of a grid of four 
black and white line drawings. Each drawing illustrates categories of objects, 
scenes, activities or examples of human interaction, one of which is described 
by a single word (see Figure 6.1). The task is to select the picture that 
corresponds to the meaning of the spoken word. There is only one correct 
answer and the remaining three pictures are unrelated to the presented word. 
As the level of vocabulary presented increases in difficulty, participants are 
required to respond correctly to at least 4 of the 12 trials of each set, in order to 
advance to the next set. Failure to do so results in cessation of testing.
6.2. Method
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Figure 6.1: Set 7, Trial 11 out of 12 on the British Picture Vocabulary Scale-ll. 
The accompanying word was “Resuscitating”.
6.2.3. Task Design
Set 7 was the first set recorded with ERPs, as it was age appropriate for the 
participants (i.e. 10-13 years) according the BPVS-II manual. A practice 
session, using set 5 from the task, was performed with each participant before 
testing to ensure full understanding of the task procedure and participants were 
advised to ask the experimenter any questions before the recording began. A 
fixation cross was presented on-screen for 500ms followed by the onset of the 
picture, consisting of a grid with four pictures, which stayed on-screen until the 
participant made a button press response. Each individual picture contained a 
coloured dot that corresponded to the coloured buttons on the button box. At 
1000ms from the onset of the picture, a pre-recorded auditory word was 
presented via the computer speakers that described one of the four pictures.
Following a period of 2500ms, the word was presented a second time to ensure 
the participant had heard it correctly (see Figure 6.2). The participant's task was 
to select the picture that corresponded in meaning to the word they had heard 
by pressing one of four buttons on a button box (Cedrus©). The participants 
were clearly instructed beforehand to respond to the second presentation of the 
auditory word. Following the response, a blank screen was presented for 
1000ms to allow for blinking and the onset of a fixation cross for 500ms 
represented the onset of a new trial. No feedback was given on whether the 
participants responded correctly or not.
Figure 6.2: The BPVS-II task as presented on-screen: a fixation cross, followed 
by the picture and two presentations of the auditory word. Note: ‘ISI’ denotes 
inter-stimulus interval.
6.2.4. Data Analysis
Details regarding the EEG recording settings are presented in Chapter 2, 
section 2.8. Stimulus and response-locked average ERPs were obtained by
Fixation500ms
ISI
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averaging the EEG around an epoch of 1300ms (i.e.-100ms pre-stimulus 
presentation until 1200ms post-stimulus presentation). The numbers of trials 
included for the grand averages from each condition are presented in table 6.1. 
Stimulus-locked ERPs were obtained from the onset of the first presentation of 
auditory stimulus to isolate the N400 component at 300-700ms. Response- 
locked ERPs were obtained from the onset of the second presentation of the 
auditory stimulus to examine the P300 component on correct and incorrect 
responses at 280-500ms. Electrodes chosen for statistical analyses were based 
on visual inspection of the data and on previous research (see Figures 6.3 and 
6.4). The mean amplitude and latency values for the N400 and P300 
components along with the effect sizes comparing the groups are displayed in 
table 6.2.
Table 6.1: Numbers of trials accepted from each condition for grand averages.
At-Flisk ControlsCondition Easy Difficult Easy DifficultAuditoryl 83 51 85 54Correct 83 50 85 55Incorrect 58 51 66 54
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Figure 6.3: 64 EEG channel array displaying grand averaged waveforms for the 
at-risk (red) and control (blue) groups in the N400 time frame from the auditory 
condition. Mean amplitude (pV) is represented on the y-axis and time (ms) is 
presented on the x-axis.
Figure 6.4: 64 EEG channel array displaying grand averaged waveforms for the
at-risk (red) and control (blue) groups in the P300 time frame from the correct
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condition. Mean amplitude (pV) is represented on the y-axis and time (ms) is 
presented on the x-axis.
Table 6.2: Mean amplitude and latency values for N400 and P300 components
with effect sizes (Cohen’s d & r) and p values for each electrode and condition.
ElectrodeLocation Overall Mean (SD) Controls Mean (SD) N=21
At-Risk Mean (SD) N=16
Effect Size Cohen’s d
(r)N400 Amplitude
m
Cz Easy -.79 (1.93) -.61 (2.08) -1.01 (1.77) 21 (.10)
Pz Easy -.40 (2.58) -.93 (3.06) .29 (1.59) -.50 (-.24)
Cz Difficult -.69 (2.79) -1.13 (2.99) -.12 (2.47) -.37 (-.18)
Pz Difficult -.49 (2.36) -.07 (2.50) -1.04 (2.11) .42 (.21)N400 Latency (ms)
Cz Easy 501.58
(60.50)
501.71
(68.42)
501.41
(50.42)
.004 (.002)
Pz Easy 418.91
(60.62)
418.13
(68.37)
419.94
(50.85)
-.03 (-.015)
Cz Difficult 532.67
(77.19)
521.88
(79.89)
546.83
(73.61)
-.32 (-.16)
Pz Difficult 449.53
(78.28)
464.53
(68.83)
429.83
(87.52)
.44 (.22)
P300 Amplitude (MV)Correct
Fz Easy 2.52 (3.71) 3.27 (3.54) 1.57 (3.81) .46 (.23)
Cz Easy 1.47 (3.32) 1.36 (3.05) 1.60 (3.73) -.07 (-.04)
Fz Difficult 2.06 (4.98) 3.51 (5.10) .23 (4.29) .70 (.33)
Cz Difficult 2.36 (5.51) 2.02 (5.51) 2.79 (5.67) -.14 (-.07)Incorrect
Fz Easy 3.87 (5.17) 4.72 (4.68) 2.79 (5.69) .37 (.18)
Cz Easy .42 (4.46) 1.28 (3.94) -.65 (4.96) .43 (.21)
Fz Difficult 2.61 (4.74) 3.01 (4.27) 2.11 (5.37) .19 (.09)
Cz Difficult .76 (3.90) 1.13(4.20) .29 (3.57) .22 (.11)P300Latency(ms)Correct
Fz Easy 402.72
(58.16)
409.17
(56.34)
394.25 
(61.23)
.25 (.13)
Cz Easy 403.97
(62.90)
404.35
(61.07)
403.47
(67.26)
.01 (.006)
Fz Difficult 410.82
(61.91)
411.42 
(61.06)
410.02
(65.02)
.02 (.01)
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Cz Difficult 417.73
(64.01)
417.76
(63.09)
417.69
(67.26)
.001 (.0005)
Incorrect
Fz Easy 388.23
(44.79)
400.73
(34.32)
371.82
(52.32)
.65 (.31)
Cz Easy 397.20
(53.54)
399.65
(49.36)
393.99
(52.32)
.11 (.06)
Fz Difficult 400.86
(64.80)
402.68
(64.54)
398.48
(67.16)
.06 (.03)
Cz Difficult 407.41
(59.02)
401.09
(54.72)
415.72
(65.11)
-.24 (-.12)
6.2.5. Statistical Analyses
Participants’ data were retained if they made less than 8 errors on each set.
The first four sets o f the task were collapsed and defined as ‘Easy’ sets 
resulting from high accuracy obtained by all participants and the final four sets 
were identified as ‘D ifficult’ sets due to a significant drop in accuracy scores 
across all participants [t (36) = 10.271, p =.000] (see Figure 6.5). Mean 
amplitude and peak latency data from midline electrodes were examined fo r the 
presence o f the N400 and P300 components. Midline electrodes were chosen 
based on previous research examining these ERP components at midline 
electrodes during language tasks (Chen et al, 2010; Connolly et al, 2000). A 
2x4x2 repeated measures ANOVA was carried out on accuracy and on reaction 
time scores with Task Difficulty (Easy and Difficult) and Set (7,8,9,10 and 
11,12,13,14) as within subjects factors and Group (At-Risk and Controls) as the 
between subjects factor. Mean amplitude and latency data were subjected to 
overall and group analysis to examine differences across Electrode Site (Fz,
Cz, Pz), Task Difficulty (Easy & Difficult) and Condition (Correct & Incorrect). 
Paired and independent t-tests with Bonferroni correction were used to further 
examine any interaction effects. As the number o f participants in the weak PLE
group was not sufficient to detect group differences, Kruskal-Wallis non-
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parametric tests were performed to compare the control, at-risk and weak PLE 
groups on the N400 and P300 components. Mann-W hitney U tests were 
conducted to follow up any significant main effects. For each ANOVA, an alpha 
value of .05 was used for main and interaction effects. Greenhouse-Geisser 
correction was reported when the assumption o f sphericity was violated. As left 
latéralisation of language is reduced in patients with schizophrenia, a laterality 
index was computed for N400 amplitude to assess for latéralisation of language 
in both groups. Based on the analyses of Spironelli et al (2009), a laterality 
score was estimated in the N400 time frame (i.e. 300-700ms) at left and right 
electrode sites from  central and parietal regions. The laterality index was 
calculated as the mean activity o f a cluster o f electrodes from the right 
hemisphere (C4, P4, TP8) minus the mean activity o f a cluster from the left 
hemisphere (C3, P3, TP7) (see Figure 6.6). The laterality score was positive 
when the cortical activity was left lateralised and was negative when the activity 
was right lateralised. An independent t-test compared the groups on their 
laterality scores.
Overall A ccuracy
Figure 6.5: Accuracy scores fo r all participants demonstrate a rapid decline in
performance follow ing Set 10. ‘ significant at p< 0.05.
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Figure 6.6: Laterality during the N400 component illustrating bilateral activity in 
the at-risk (red) and the control groups (blue). X-axis represents time (ms).
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A multivariate analysis o f variance (MANOVA) was conducted to compare the 
at-risk and control groups on dem ographic factors. The groups did not differ 
significantly on age, sex, or handedness (see Table 6.3).
6.3. Results
6.3.1. Demographic Comparisons
Table 6.3: Controls and At-Risk Groups compared on Demographic factors.
Variable Group N Mean Std.Dev Std. Error Mean Sig. Value
Age(MeanYears)
Controls
At-Risk
21
16
11.77
11.50
.587
.632
115
.158
F (1 ,3 5 ) = 
.432, 
p =  .516
Sex Controls
At-Risk
21
16
12 Male 
7 Male
.507
.512
.111
.128
F (1 ,3 5 ) = 
.682, 
p =.415Handedness Controls
At-Risk
21
16
2 Left; 1 
both 
2 Left; 1 
both
.236
.475
.056
.128
F (1 ,3 5 ) = 
2.259, 
p =.143
6.3.2. Behavioural Results
No difference was found between the number o f participants from the control 
and at-risk groups completing all sets o f the task [F (1, 35) = 1.885, p =.178; 
see Table 6.4], A repeated measures ANOVA revealed a main effect of Task 
Difficulty [F (1, 35) = 690.839, p = .000], with the Easy sets displaying 
significantly higher accuracy than Difficult sets. Main effects of Set [F (3, 105) = 
104.813, p = .000] and interaction effects of Task Difficulty*Set [F (3, 105) = 
2.342, p = .000] and Task Difficulty*Group interaction [F (1, 35) = 5.402, p = 
.026] were also found. Further analyses, comparing the groups on Easy sets 
and then on Difficult sets, revealed a significant group difference in accuracy 
scores on Difficult sets, [F (1, 35) = 4.734, p = .036], with controls yielding
higher accuracy scores on Difficult sets (see Figure 6.7). No group differences
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were found for Easy sets. Reaction time analyses revealed a main effects of 
Task Difficulty [F (1, 34) = 4.989, p = .032] and Set [F (3, 102) = 11.092, p = 
.000], A Task Difficulty*Set interaction was also found [F (3, 102) = 16.478, p = 
.000]. These findings illustrated shorter reaction times for Difficult sets than to 
Easy sets. There were no significant differences between the groups on 
reaction time measures.
Table 6.4: Total number of participants completing each set of the task.
Group Set 7 Set 8 Set 9 Set 10 Set 11 Set 12 Set 13 Set 14
Overall
N=37
37 37 37 37 37 28 21 7
Controls
N=21
21 21 21 21 21 17 15 4
At-Risk
N=16
16 16 16 16 16 11 6 3
Accuracy
Controls vs. At-Risk at Easy & Difficult Sets
i
■u - Easy Difficult
□ Controls 10 24 338
■ At-Risk 10 22 2 03
Set
Figure 6.7\ Mean accuracy scores on Easy and Difficult Sets for the Control and 
At-Risk groups, ‘significant at p< 0.05.
The N400 component was evident at central (Cz) and parietal (Pz) electrode 
sites. A 2x2 ANOVA compared overall N400 amplitude across Easy and Difficult 
sets with Task Difficulty (Easy, Difficult) and Site (Cz, Pz) as within subjects 
variables. A main effect of Task Difficulty [F (1, 36) = 4.214, p = .047] was 
found. Follow up analyses revealed a main effect of Task Difficulty at electrode 
Cz [F (1, 36) = 4.903, p = .033], where the Difficult sets yielded a larger N400 
response than the Easy sets (see Figure 6.8). A repeated measures ANOVA 
compared groups, with Task Difficulty and Site as within subjects variables, and 
Group as the between subjects variable. A significant Task Difficulty*Site*Group 
interaction was found [F (1, 35) = 13.395, p = .001]. Post-hoc analyses 
compared the groups on the Easy condition at electrode Cz and Pz and then on 
the Difficult condition and found no significant effects. The groups were then 
analysed separately and the Easy and Difficult sets were compared at electrode 
Cz, where no significant effects were found. Finally, the analysis was repeated 
for the electrode Pz, where significant main effects for Task Difficulty were 
found for the controls [F (1, 20) = 4.413, p=.049] and the at-risk group [F (1, 15) 
= 8.283, p=.011]. Repeated measures analyses examined N400 latency across 
Easy and Difficult sets revealed a main effect of Task Difficulty [F (1, 35) =
7.000, p = .012], where latency to Difficult sets was delayed in comparison to 
the Easy sets. No group differences were found on N400 latency. Follow up 
analyses revealed a main effect of Task Difficulty at electrode Pz [F (1, 36) = 
4.125, p=.05], where prolonged latency was evident on the Difficult sets 
compared to the Easy sets.
6.3.3. ERP Results
6.3.3.1. N400 Mean Amplitude & Latency
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Figure 6.8: Overall N400 amplitude larger on Difficult than Easy sets at 
electrode Cz. Mean amplitude (pV) is represented on the y-axis and time (ms) is 
presented on the x-axis.
6.3.3.2. P300 Mean Amplitude & Latency
A P300 component was evident at frontal (Fz) and central (Cz) electrode sites. 
Overall, there was an interaction effect of Condition*Site [F (1, 41) = 7.475, 
p=.009], in which follow up analyses revealed a main effect of Condition at 
electrode Cz [F (1, 35) = 4.937, P = .033], This result illustrated that the correct 
condition yielded higher P300 amplitude than the incorrect condition (see Figure 
6.9). A repeated measures ANOVA comparing the groups revealed a three-way 
interaction of Condition*Site*Group [F (1, 35) = 4.706, P = .037], Post-hoc 
analyses revealed a Site*Group interaction in the correct condition at electrode
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Fz [F (1, 35) = 8.155, P = .007], An independent t-test confirmed that the groups 
differed significantly in the correct condition of Difficult sets [t (35) = 2.055, P = 
.048] (see Figure 6.10a and 6.10b). P300 latency analyses were subjected to 
overall repeated measures ANOVAs and group comparisons but yielded no 
significant main or interaction effects.
—Correct 
—Incorrect
-3 -J
100 100 300 500 700 900 1100
Figure 6.9\ Correct condition displaying larger P300 amplitude at electrode site 
Cz than the incorrect condition. Mean amplitude (pV) is represented on the y- 
axis and time (ms) is presented on the x-axis.
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Figure 6.10\ a) Controls vs. At-Risk on P300 amplitude to Correct responses on 
Difficult sets at Fz; b) ERP waveform illustrating Controls vs. At-Risk on P300 
amplitude at Difficult sets. Mean amplitude (pV) is represented on the y-axis 
and time (ms) is presented on the x-axis.
6.3.3.3. Laterality Index
The laterality index (L.l.) calculated from a cluster of electrodes on the right 
hemisphere (C4, P4, TP8) compared to electrodes on the left hemisphere (C3, 
P3, TP7) revealed that both groups were left lateralised in the N400 time 
window. Both the controls (L.l. =0.18) and the at-risk group (L.l. =0.53) yielded 
positive laterality scores (see Figure 6.11). The independent t-test found no 
difference between the groups on laterality measures in the left or right 
hemispheres.
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Figure 6.11: Controls vs. At-Risk on mean activity from the left and right 
hemispheres. Mean amplitude (pV) is represented on the y-axis and time (ms) 
is presented on the x-axis.
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6.3.4. Results including Participants with Weak PLEs 
A Kruskal-Wallis non-parametric test was performed to reveal any group 
differences between the control, at-risk and weak PLE groups. The groups did 
not differ on demographic measures such as, age, sex, handedness or 
socioeconomic status. A main effect was found for N400 amplitude [H (2) = 
7.969, P = .019], No significant differences were found on N400 or P300 
amplitude or latency across the groups.
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This experiment was designed to investigate electrophysioiogical correlates of 
receptive language functioning in a group of adolescents reporting psychotic- 
like experiences (PLEs) compared to a group of adolescents without such 
symptoms. For both groups, accuracy was decreased and reaction time was 
shorter on the Difficult sets compared to the Easy sets of the task. Reaction 
time was expected to increase on the Difficult sets, however, the short reaction 
time may be a result of a decrease in the numbers of participants completing all 
sets of the task. A group difference was found behaviourally on Difficult sets, 
with the control group yielding higher accuracy scores than the at-risk group. 
This finding supports previous behavioural reports of impaired receptive 
language in adolescents reporting PLEs (Blanchard etal, 2010; Cannon etal, 
2002). Despite a decrease in accuracy, the at-risk group did not differ 
significantly to the controls on reaction time. The results of the behavioural 
analyses suggest that receptive language impairments are apparent in 
adolescents with PLEs.
On electrophysioiogical measures, the components of interest were the 
P300 and N400 ERP waveforms. The N400 was evident on central and parietal 
regions, which is in line with previous evidence suggesting that the broadly 
distributed N400 component becomes more concentrated on centro-parietal 
regions as age increases from 5-6 years to 11-12 years (Byrne et al, 1999). The 
N400 amplitude differed significantly across Easy and Difficult sets overall, with 
the Difficult sets yielding larger amplitude than the Easy sets, as expected. In 
contrast to our hypothesis, the at-risk group did not exhibit any reduction in 
N400 amplitude compared to the control group. This may indicate that the ability 
to integrate the meaning of the spoken word into the picture context was not
6.4. Discussion
2 0 0
affected in the at-risk group. Although some studies reveal reduced N400 
amplitude, others report normal N400 and suggest that semantic integration is 
not affected in patients with schizophrenia (Kuperberg et al, 2006; Koyama et 
al, 1991). These contradictory findings may be a result of differing 
methodologies affecting the N400 response. Overall, N400 latency was 
significantly prolonged in the Difficult sets compared to the Easy sets at 
electrode Pz. As latency is negatively correlated with mental efficiency, shorter 
latencies are related to better performance on neuropsychological tests (Jeon 
and Polich, 2003). Thus, the prolonged latency is likely to reflect slowed or 
delayed semantic processing of the words from the Difficult sets than to the 
words of the Easy sets (Hokama et al, 2003). The groups did not differ 
significantly in N400 latency, indicating that speed of language processing was 
not affected in the at-risk group.
A P300 component was evident along frontal and central areas. It was 
predicted that the P300 component would be observed in the correct condition 
and absent in the incorrect condition. Results from the analysis confirmed this 
hypothesis as P300 amplitude was larger in the correct condition than in the 
incorrect condition. According to Connolly et al (2000), a diminished P300 
response to a correctly identified word, in the context of language 
comprehension, reflects a failure to understand the meaning of the word. The 
control group exhibited larger P300 amplitude on correct responses to Difficult 
sets than the at-risk group. As the P300 was reduced in the Difficult sets and 
behavioural accuracy of the same items was decreased in the at-risk group, this 
may suggest that the reduction in amplitude may have reflected the at-risk 
group’s reduced capacity to comprehend the words from the Difficult sets.
Byrne et al (1995) found that the P300 waveform was observed only within the
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participant's pre-determined vocabulary level and was not present when words 
beyond this level were presented. However, as the Difficult sets contained some 
words that were beyond the participant’s vocabulary range in this experiment, 
the majority of the words were still within their repertoire. This was reflected by 
the high numbers of participants from both groups completing sets 11 and 12. 
P300 latency did not differ across Group, Condition or Task Difficulty. P300 
latency is thought to measure speed of stimulus classification, which is 
independent of behavioural reaction time (Kutas et al, 1977). DeWilde et al 
(2008) found that P300 latency is not affected in young patients with recent 
onset schizophrenia. Also, Frangou et al (1997) reported that P300 latency is 
related to age and illness duration, such that latency differences are more 
apparent with increasing age and illness duration. This may explain the lack of 
significant differences in latency as the at-risk group in this experiment is 
considered as a symptomatic or a ‘pre-prodromal’ group.
The laterality values obtained for the control and at-risk groups 
demonstrated left latéralisation in the N400 time window, which supports 
previous evidence of left latéralisation of language processing. This finding 
indicates that this at-risk group does not exhibit evidence of reduced left 
latéralisation of language that is observed in patients with schizophrenia 
(Sommer et al, 2003; 2001; Crow et al, 1998; DeLisi etal, 1997). According to 
Binder et al (1997), extensive damage to Wernicke’s area in the left superior 
temporal gyrus (STG) results in a deficit in decoding complex acoustic signals in 
speech. Also, the mismatch negativity component is generated in the superior 
temporal gyrus, and activation of the left STG is stronger in response to speech 
stimuli (Pulvermuller and Shtyrov, 2006; Naatànen et al, 2001). Therefore, it is 
possible that the ability to comprehend spoken vocabulary may be affected as a
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result of impaired information processing at elementary levels, such as 
processing auditory information. Consequently, the impairment in receptive 
language in adolescents with PLEs may have resulted from a downstream 
effect due to deficient processing of auditory stimuli as indexed by the reduction 
in mismatch negativity amplitude in Chapter 3. Although, comprehension of 
language is typically associated with activation in the left temporal lobe, frontal 
and parietal areas also contribute to receptive language processes. Binder et al 
(1997) identified language-related areas of the brain within the context of the 
classical models of language organisation within the brain using fMRI. The 
findings of this study revealed extensive contributions from the left hemisphere 
but also from networks in the frontal and parietal lobes, which were outside the 
traditional Wernicke’s and Broca’s areas. In particular, the frontal lobes were 
involved in receptive language processes.
This experiment did not record a behavioural background measure of 
receptive vocabulary and reading/listening comprehension, from which to 
compare the ERP data. This would have provided further information on the 
degree to which ERP correlates of vocabulary knowledge are related to 
behavioural performance for the same items. Also, the approach in which the 
ERP waveforms were extracted from this complex task could have been more 
stringent to reduce any possible smearing effects across conditions (i.e. 
auditory potentials recorded in the correct and incorrect conditions).
6.4.1. Conclusions
The current findings confirmed previous behavioural reports that adolescents 
with PLEs are deficient in receptive language ability, as reflected by the at-risk 
group’s reduction in accuracy. The N400 amplitude and latency distinguished
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between Easy and Difficult sets and the P300 amplitude discriminated between 
correct and incorrect conditions, as hypothesized. Although the P300 latency 
did not differ across condition, these overall results suggest that it is feasible to 
record ERPs on a standardised neuropsychological test without modification of 
the task. There were no group differences on reaction time, P300 latency or on 
N400 amplitude and latency. These findings suggest that the ability to integrate 
words into the picture context was not affected in this at-risk group. However, 
P300 amplitude was decreased in the at-risk group, which may have reflected a 
reduced capacity to comprehend the words relative to the control group.
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C h a p t e r  V I I
G e n e r a l  D i s c u s s i o n
7.1. Overview
This thesis investigated the neural correlates of early sensory processing and 
higher order cognitive functioning in adolescents reporting psychotic-like 
experiences (PLEs). This sample of adolescents from the general population 
was compared to a group of age-matched controls on tasks of auditory change 
detection, response inhibition and language. Adolescents with PLEs were 
investigated as previous research has documented a relationship between 
reports of psychotic-like experiences in adolescence and the development of 
schizophrenia-spectrum disorders in adulthood (Poulton et al, 2000). As this 
relationship has been associated more so with positive psychotic symptoms (i.e. 
hallucinations and delusions), the current thesis focused on positive psychotic 
symptoms rather than negative symptoms as indicators of increased risk. 
Previous behavioural and electrophysiological findings in first-episode and 
prodromal patients, and also in unaffected first degree family relatives, have 
reported deficits similar to those observed in patients with schizophrenia. 
However, research at the level of the general population regarding identification 
of risk markers for psychosis has recently emerged.
Recent studies have provided evidence of a nonclinical psychosis 
phenotype in the general population which may confer risk for schizophrenia 
spectrum disorders. The factors identified as indicators of increased risk for 
developing a psychotic disorder in those genetically at-risk have also been 
identified in the proportion of the general population reporting PLEs. Such risk 
factors involve environmental, genetic, cognitive and developmental risk factors, 
which are accompanied by disruptions in neurophysiological and 
neuroanatomical connections and also reductions in gray matter and white
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matter volume (Kelleher and Cannon, 2011). The current thesis focused on 
some of the neurophysiological abnormalities that are exhibited by patients with 
schizophrenia and at-risk groups. The aim was to ascertain whether these 
impairments are also evident in adolescents with PLEs from the general 
population. The tasks employed in this thesis were selected as they reflected 
the broad spectrum of deficits observed in schizophrenia, ranging from simple 
tasks of early information processing to higher-order cognitive tasks of 
increasing complexity. Thus, the amplitude and latency of the ERP components 
related to pre-attentive auditory change detection, response inhibition, semantic 
comprehension and receptive language were investigated. Relationships were 
also explored between the amplitude and latency of these ERP components 
and performance on cognitive and global functioning measures.
7.2. Findings from the Experimental Chapters
The overarching finding that emerged from the experimental tasks in this thesis 
was one of aberrant information processing associated with the frontal lobes of 
adolescents with psychotic-like experiences. Reductions in amplitude were 
found at frontal scalp regions on the mismatch negativity (MMN) auditory 
discrimination task (Chapter 3) and also on the BPVS-II receptive language task 
(Chapter 6). Moreover, delayed latency was evident at fronto-central areas on 
the Go/NoGo task of response inhibition (Chapter 4) and prolonged latency was 
observed on the sentences task (Chapter 5).
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7.2.1. Mismatch Negativity Task Findings
The mismatch negativity task employed in Chapter 3 compared the groups at 
the level of early auditory information processing. The MMN paradigm was a 
passive auditory task, wherein the standard tones differed in duration to the 
deviant tones. The findings from this chapter demonstrated deficient processing 
of auditory change detection at the pre-attentive level in the at-risk group. This 
impairment was reflected by a significant reduction in mismatch negativity 
amplitude at frontal and temporal electrodes. Overall MMN mean amplitude at 
frontal and fronto-central areas was moderately correlated with a sustained 
attention/impulsivity measure, verbal working memory and speed of processing, 
where larger MMN amplitude was associated with better performance. Although 
P3a amplitude was not related to any cognitive measure, the MMN and P3a 
latencies were related to speed of processing, with shorter latency being 
associated with better scores on speed of processing. There was also a 
relationship between MMN amplitude and global functioning scores, but this did 
not reach significance. However, larger P3a amplitude was significantly 
associated with higher C-GAS scores of global functioning. MMN and P3a 
latencies were not associated with global functioning scores.
7.2.2. Go/NoGo Task Findings
In Chapter 4, a visual Go/NoGo task measuring response inhibition was 
presented where the participant was required to make a button press response 
to one stimulus class and to withhold their response to another stimulus class. 
The main finding was a significant difference in latency across groups on the
fronto-centrally distributed NoGo-P3 component. The at-risk group exhibited
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delayed latency at the right frontocentral electrode FC4, which may have 
indicated a slowed inhibitory response in adolescents with PLEs. The groups 
did not differ behaviourally or on the frontal N2 and P3 amplitude from the NoGo 
condition, or on parietal P3 amplitude or latency in the Go condition. There was 
no evidence of post error slowing across the overall group of participants as 
reaction times to Go stimuli following an error of commission (EoC-Go) were not 
significantly slower than reaction time to Go stimuli following another Go 
stimulus (Go-Go). Frontal N2-P3 amplitude was larger and latency was shorter 
for NoGo trials than Go trials as a reflection of inhibitory processes. The P300 at 
parietal regions was also larger for the NoGo than the Go stimuli, which was in 
contrast to the findings from previous studies. Parietal Go-P3 amplitude was 
highly correlated with the sustained attention/impulsivity scores from the 
Continuous Performance Test in the control group, whereas NoGo-N2 latency 
was strongly related to sustained attention/impulsivity in the at-risk group.
7.2.3. Sentence Task Findings
In Chapter 5, semantic comprehension was examined with a visual sentences 
paradigm where the participant’s task was to decide whether the final word of a 
sentence was either congruent or incongruent with the preceding context of the 
sentence. Despite similar reaction times across the groups, there was evidence 
of prolonged latency in the N400 component at anterior frontal regions in 
adolescents with PLEs. This finding suggests that the at-risk group may have 
been slower at integrating the semantically incongruent final words into the 
sentence context compared to the control group. Although there was a trend 
towards enlarged N400 amplitude and delayed latency in response to the
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incongruent sentences compared to the congruent sentences overall, this effect 
was not significant. Finally, there were no hemispheric differences in N400 
amplitude or latency, and the groups did not differ on N400 amplitude. N400 
latency in the at-risk group differed significantly from the congruent to the 
incongruent sentences, with the prolonged latency evident in the incongruent 
sentences. This effect was not observed in the control group, suggesting that 
the at-risk group had more difficulty generating expectancies for the final word 
of the sentence than the control group.
7.2.4. British Picture Vocabulary Scale Task Findings
Finally, receptive language was assessed with the British Picture Vocabulary 
Scale-ll in Chapter 6, where a grid of four pictures was accompanied by a single 
auditory word that described one of the pictures. The participant’s task was to 
select the picture which matched the spoken word in meaning. The eight sets of 
stimuli were divided into two levels of difficulty, with the first four sets were 
defined as ‘Easy’ and the final four sets were defined as ‘Difficult’. For both 
groups, accuracy was decreased and reaction time was shorter on the Difficult 
sets compared to the Easy sets of the task. The control group yielded higher 
accuracy scores on the Difficult set than the at-risk group but there was no 
group difference on reaction time. The N400 amplitude and latency differed 
significantly across Easy and Difficult sets overall, with the Difficult sets yielding 
larger amplitude and prolonged latency than the Easy sets, as expected. P300 
amplitude was larger for correct responses than for incorrect responses. As 
previously suggested by Connolly et al (2000), this finding was thought to reflect 
the knowledge of the semantic meaning of the word. The control group
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exhibited larger P300 amplitude on correct responses to Difficult sets than the 
at-risk group. P300 latency did not differ across Group, Condition or Task 
Difficulty. Left latéralisation was displayed by both groups in the N400 time 
window, which may have indicated that this at-risk group did not display any 
evidence for the reduction in left latéralisation for language that is typically 
observed in patients with schizophrenia.
7.2.5. Analysis including Participants with Weak PLEs
In each experimental chapter, a third group comprising participants with weak 
psychotic-like experiences was included in the analysis to explore neural activity 
in this group in comparison to the at-risk and control groups. In the majority of 
these analyses, non-parametric tests were employed due to the low numbers of 
participants with weak PLEs. In Chapter 3, a Kruskal-Wallis test with follow up 
Mann-Whitney U tests revealed that the eight participants with weak PLEs 
exhibited much larger amplitude on the mismatch negativity component than the 
at-risk group at frontal regions. There were no group differences between this 
weak PLE group and the controls, indicating similar levels of activation in both 
of these groups in response to change in auditory stimulation. Non-parametric 
analyses were also undertaken for MMN latency and P3a amplitude and 
latency, where no group differences were revealed across the three groups.
In Chapter 4, a non-parametric alternative to a one-way ANOVA 
demonstrated that NoGo-N2 latency was delayed in the weak symptom group 
compared to the controls. Both the control and at-risk groups had shorter Go-P3 
latency than the weak symptom group. Finally no group differences were found
on frontal N2 and P3 amplitude or on parietal P3 amplitude. In Chapter 5,
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Mann-Whitney U tests confirmed a significant latency difference between the at- 
risk group and the participants with weak PLEs at frontal electrode AF3 on the 
N400 component. Significant group differences on N400 latency were also 
found at electrode F3 between the controls and participants with weak PLEs 
and between the at-risk group and the participants with weak PLEs. However, 
due to the low numbers of trials included in the grand average waveforms on 
this task, the findings must be interpreted with caution.
Finally, in Chapter 6, no significant differences were found on N400 or 
P300 amplitude and latency between the at-risk or controls groups and the 
weak PLE group. These results suggest that the participants with weak 
psychotic-like experiences performed in a similar way to the controls on all 
tasks with the exception of the Go/NoGo task of response inhibition, where the 
N2 latency at frontal regions and the P3 latency at parietal regions were 
delayed in this group in comparison to both the controls and at-risk groups. This 
finding indicates that despite a lack of behavioural differences across the 
groups, the participants with weak psychotic symptoms appeared to have more 
difficulty inhibiting their response as efficiently as the other groups. However, as 
previously stated, caution must be exercised when interpreting these results 
due to the low number of participants in the weak PLE group.
7.3. My Findings within the Context of the Psychosis Literature
7.3.1. PLEs and Risk Factors for Schizophrenia
The results from the K-SADS interview schedule demonstrated that 30.3% 
(N=27) of the 89 participants who underwent EEG testing had strong PLEs. Just
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over half of the sample (52.8%; N=47) had no psychotic-like experiences and 
16.9% (ISM 5) had weak PLEs. The high prevalence rate of psychotic-like 
experiences in this sample of adolescents provides further support to the 
studies reporting high endorsement rates of nonclinical positive psychotic 
experiences in the general adolescent population. It has been noted that the 
expression of psychosis, whether it be in the form of psychotic disorders 
(prevalence 1%), psychotic symptoms (prevalence around 5%) or psychotic-like 
experiences (prevalence around 15%), is highly reported in young people 
(Myin-Germeys et al, 2003; Johns and Van Os, 2001; Van Os et al, 2000; 
Verdoux et al, 1998). A meta-analysis of endorsement of psychotic-like 
experiences in the adult general population indicated a median prevalence rate 
of 5% (Van Os et al, 2009), whereas in adolescent populations these rates are 
higher, ranging between 9-14% in clinical interviews (Bartel-Veltuis etal, 2010, 
Poulton et al, 2000) and between 25-43% in self-report measures (Fonseca- 
Pedrero et al, 2011; Meng et al, 2009; Laurens et al, 2007). Although the 
prevalence rates of PLEs in self-report questionnaires are reduced when an in- 
depth interview probes the reported symptoms, the rate in adolescents is still 
high.
The high rates of PLEs in our sample of adolescents support the 
continuum model of psychosis, where psychosis is at the extreme end and 
psychotic-like experiences are on the other end (Yung et al, 2009). These 
findings suggest that adolescents with PLEs may represent a group that is at- 
risk for developing a psychotic disorder in adulthood and may exist (either 
temporarily or long term) on a position along this continuum of psychosis 
(Murphy et al, 2010). However, given the strong associations between
psychotic-like experiences in the general population and risk of developing a
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psychotic disorder, it is imperative to understand what causes some individuals 
with psychotic experiences to move further along this continuum and develop a 
need for care (Johns and van Os, 2001). Research suggests that the degree of 
preoccupation, distress and persistence of hallucinations and delusions, rather 
than the degree of implausibility or conviction, leads to transition to a clinical 
psychotic disorder (Cougnard et al, 2007; Bak et al, 2003).
Along with the increased risk that is associated with psychotic-like 
experiences, a broad range of other schizophrenia-related risk factors have also 
been identified in the general adult and adolescent populations who experience 
PLEs. In a recent meta-analysis, Kelleherand Cannon (2011) reviewed the 
literature regarding the evidence for schizophrenia-related risk factors in the 
general population reporting PLEs. In this review, the nonclinical psychosis 
phenotype was associated with a broad range of risk factors in the social, 
environmental, obstetric, developmental and cognitive domains. In adolescents 
with PLEs from the general population, neurocognitive deficits, as well as 
structural and functional abnormalities have also been identified (Laurens et al, 
2010a, 2008, 2003; Jacobson et al, 2010). Laurens et al (2010a) reported 
deficits in measures of intelligence, scholastic achievement, visual and verbal 
memory, working memory and executive functions, such as verbal fluency and 
inhibition in adolescents presenting with a triad of putative antecedents of 
schizophrenia. This triad of antecedents included reports of PLEs, abnormal 
speech and/or a motor developmental delay, with a social, emotional or 
behavioural problem (Laurens et al, 2008). A later study also demonstrated 
impairments in neurophysiological correlates of error monitoring in these 
adolescents, which was indicated by a reduction in amplitude of the error-
related negativity ERP component (Laurens et al, 2010b).
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Jacobson et al (2010) also reported a disruption in prefrontal-temporal 
connectivity and decreases in white matter integrity in adolescents with PLEs. 
Cannon et al (2002) and Blanchard et al (2010) reported deficits in receptive 
language, motor function and speed of processing in adolescents with PLEs. 
Welham et al (2009) also supported these findings in a review of birth cohort 
studies, where children who would later develop schizophrenia were 
characterised by language and motor delays. Horwood et al (2008) also found 
an association with PLEs and lower IQ in 12 year olds. Other risk factors that 
have been associated with PLEs in adolescents included experience of trauma 
in childhood such as exposure to domestic violence, bullying and physical 
abuse (Kelleher et al, 2008). The results of the current thesis support the 
reports of early evidence of abnormal cognitive and neural function in 
adolescents with PLEs, as our sample exhibited deficient neural activity on 
tasks assessing sensory and cognitive functioning. In particular, on the 
receptive language task, the adolescents with PLEs displayed decreased 
accuracy on the Difficult sets compared to the controls, accompanied by 
reduced P300 component in the correct condition. Despite similar performance 
on the task of response inhibition, the at-risk group exhibited a delay in P300 
latency which suggests that they may have had more difficulty in suppressing 
their response to NoGo stimuli compared to the controls.
7.3.2. Possible Evidence of Frontal Dysfunction
7.3.2.1. Neural Generators of the ERP Components in the Frontal Cortex
The main findings in each of the tasks reflected a possible frontal cortical
dysfunction in adolescents with PLEs (see Appendix 12 for overview of results).
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The frontal cortex is responsible for many higher order cognitive processes and 
undergoes profound developmental change throughout the adolescent period 
(Luna and Sweeney, 2001). Although the distribution of the ERP components of 
interest was widespread across the scalp, the at-risk group only significantly 
differed from the control group at frontal scalp sites. As previously described in 
Chapter 2, the distribution of electrical signal on the scalp may result from a 
generator that is not directly below the position of the electrode. Consequently, 
it is reasonable to argue that these differences may not be due to dysfunction in 
the frontal cortex even though the group differences were found at frontal sites. 
However, ERPs usually have multiple generators and previous research has 
identified neural generators in the frontal cortex for each of the ERPs examined 
in the experimental chapters of this thesis. For example, Duncan et al (2009) 
identified neural generators for the MMN and P300 components in the right 
inferior frontal cortex and the ventrolateral prefrontal cortex, respectively. 
Halgren et al (2002) reported activity in the dorsolateral prefrontal cortex on an 
N400 sentences task. Finally, Bokura et al (2001) identified generators for the 
N2 component in the middle frontal gyrus. Therefore, it is possible that the 
abnormalities evident at frontal scalp sites may be a manifestation of a 
disruption in frontal neural networks in adolescents with PLEs. The current 
findings are in line with the existing body of research from multiple lines of 
evidence reporting dysfunction within the frontal lobes of patients with 
schizophrenia and individuals at-risk for schizophrenia (Holmes et al, 2005; 
Perlstein et al, 2003).
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7.3.2.2. Neuropsychological Tasks of Frontal Function
Neuropsychological studies of patients with schizophrenia have consistently 
reported deficits in areas of cognition that are thought to be related to frontal 
lobe function. For example, impairments have been reported on the Wisconsin 
Card Sorting test, verbal fluency, eye tracking abnormalities, working memory 
deficits, the colour-word Stroop task and the Tower of London’ task (Shenton et 
al, 2001; Pantelis et al, 1997). White et al (2006) compared adolescents with 
schizophrenia to adults with schizophrenia on measures of working memory, 
language and motor function and found a significant difference between the 
groups on motor function but not on language or working memory when the 
developmental trajectory of these functions was accounted for. These findings 
suggest that the onset of schizophrenia may impede the development of these 
higher order cognitive functions or that there is a loss of cognitive function at the 
adolescent stage
7.3.2.3. Structural and Functional Imaging Evidence
Structural and functional imaging studies have reported a reduction in prefrontal 
gray matter volumes and reduced activity in the prefrontal cortex, respectively 
(Shenton et al, 2001; Wright et al, 2000). Pantelis et al (2007) also noted 
progressive gray matter loss in the orbital prefrontal and dorsal prefrontal 
regions around the time of illness onset. Hoftman and Lewis (2011) suggest that 
volume reductions in gray matter could result from alterations in dendritic spine 
density and somal volume of layer 3 pyramidal cells.
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Post mortem studies have previously reported that neurons had smaller cell 
bodies and fewer dendrites and the number of neurons was also decreased in 
the dorsolateral prefrontal cortex of patients with schizophrenia (Lewis and 
Gonzalez-Burgos, 2008). Glantz and Lewis (1995) also found that pyramidal 
dendritic spines were reduced by 35% in the prefrontal cortex of patients with 
schizophrenia. This suggested that large pyramidal neurons in the dorsolateral 
prefrontal cortex had either atrophied or had failed to grow to their normal size 
(Lewis, 1997). Previous findings of a loss of dendritic spines in pyramidal 
neurons of the prefrontal cortex may have implications for the glutamate 
hypothesis as the N-methyl-d-aspartate (NMDA) subtype of glutamate receptor 
is present on pyramidal neuron dendrites (Garey et al, 1998). Glutamate 
transmission is thought to underlie the generation of the mismatch negativity 
component. Therefore, a decrease in dendritic density in schizophrenia may 
impact on the numbers of excitatory postsynaptic potentials (EPSPs) and 
inhibitory postsynaptic potentials (IPSPs) being generated and may result in the 
reduced amplitude observed in the MMN component. This may also be the case 
for the generation of other ERP components.
A loss of dendritic spines may lead to disruption in connectivity between 
cortical areas, which may impact on higher-order cognitive functions (Garey et 
al, 1998). As pyramidal neurons are involved in the inhibitory and excitatory 
circuits that are required for cognitive processing, a decrease in the number of 
neurons or a reduction in neuronal size may have detrimental effects on 
cognitive function (Luna and Sweeney, 2001). Therefore, it may be the case 
that cognitive deficits may arise as a result of weakened connections between
7.3.2.4. Post-Mortem Studies
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populations of neurons due to aberrant changes in the size or density of 
pyramidal neurons. A potential cause for weakened connections and fewer 
dendritic spines may be excessive synaptic pruning that occurs in the 
adolescent period. Within the context of the neurodevelopmental model, it has 
been suggested that synaptic pruning, which begins in late childhood and early 
adolescence, may occur for longer or more intensely in individuals who will 
develop schizophrenia in adulthood (Keshavan et al, 1994). Synaptic pruning 
occurs throughout adolescence, particularly in the prefrontal cortex, and is 
thought to be essential for the refining the functional networks in the brain as 
the neural connections that are used more frequently are retained and become 
more specialised, and those that are activated less frequently are removed 
(Oates and Grayson, 2004; Huttenlocher, 1979). Studies of early and late onset 
schizophrenia show that cognitive dysfunction remains stable over time (Albus 
et al, 2006), which may suggest that patients with schizophrenia fail to reach the 
expected developmental level of these cognitive abilities prior to illness onset 
(Luna and Sweeney, 2001). It has been noted that, with schizophrenia and 
indeed other disorders of brain dysfunction, behavioural and cognitive 
disturbances are usually preceded by biological manifestations (Cuthbert and 
Insel, 2010). The observed abnormalities in our sample of adolescents with 
PLEs may reflect the effects of excessive synaptic pruning, which may weaken 
connections in the frontal cortex that are necessary to complete tasks of 
sensory and cognitive function.
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The reduced MMN amplitude at frontal and temporal electrode sites may be 
related to the conceptualisation of schizophrenia as a disconnection disorder, 
as it has been postulated that the strong connections between the frontal and 
temporal areas are disrupted in this disorder. Although investigating the 
connections between the frontal and temporal scalp sites is beyond the scope 
of this thesis, the reductions of activity in these scalp areas are in line with 
previous neuroimaging evidence in patients with schizophrenia and may 
suggest a disruption in connectivity between these two areas. Wernicke (1906) 
was the first to conceptualise schizophrenia as a structural disconnection 
syndrome which arises as a result of anatomically pathological interactions 
between brain regions, rather than abnormalities in focal areas in the brain, and 
a recent meta-analysis by Ellison-Wright and Bullmore (2009) has supported 
this concept. In addition, a disconnection hypothesis of functional connectivity 
was posited in response to observations of a decrease in neuronal interactions 
between prefrontal and temporal regions in patients with schizophrenia, 
compared to healthy controls (McGuire and Frith, 1996; Friston and Frith,
1995).
The disconnection hypothesis suggests that the core features of 
schizophrenia are related to abnormal connectivity between brain regions as a 
result of deficient control of synaptic transmission; this deficit manifests as 
abnormal functional integration of neural systems (Pettersson-Yeo et al, 2011; 
Stephan et al, 2006). For instance, disrupted dopamine-related prefrontal 
function may directly affect modulation of the excitability of prefrontal neurons, 
which may affect the interactions between frontal and temporal regions (Banyai
7.3.3. The Disconnection Hypothesis
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et al, 2011). Impairments of synaptic plasticity are supported by findings of 
reduced mismatch negativity amplitude in patients with schizophrenia, as this 
reduction has been linked with NMDA receptors which play a role in synaptic 
transmission of sensory information (Kelly and Zhang, 2002) With the advent of 
modern neuroimaging techniques, evidence has been provided to suggest 
disconnectivity between brain regions in schizophrenia. For example, PET and 
fMRI studies found deficient functional connectivity between frontal and 
temporal regions (Friston, 1998; Friston and Frith, 1995; Weinberger et al,
1992). However, these disrupted connections are not only evident in fronto- 
temporal regions but also in temporo-parietal areas.
In a recent review of functional and structural connectivity studies, it was 
suggested that schizophrenia was associated with reduced connectivity in 
comparison to healthy controls, which is particularly evident in connections 
involving the frontal lobe (Pettersson-Yeo et al, 2011). This reduction in 
connectivity in the frontal regions was not only observed in chronic patients with 
schizophrenia, but also in individuals at-risk for developing the disorder. White 
et al (2010) found functional dysconnectivity between the frontal and temporal 
regions in early onset patients with schizophrenia. In first episode and ultra 
high-risk individuals, Benetti et al (2009) and Crossley et al (2009) reported 
reduced functional connectivity between frontal and temporal regions. However, 
Allen etal (2010) did not replicate this in prodromal individuals. Therefore, 
aberrant connectivity is evident at all stages of the disorder. This trend of 
altered connectivity within the frontal lobe is consistent with studies investigating 
neurocognitive functions that are dependent on the functional integrity of the 
frontal lobe, such as executive control (Bilder et al, 2000).
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7.4.1. Practical Implications of the findings
The presence of high rates of PLEs and the evidence of subtle 
neurophysiological deficits in the general adolescent population are similar to 
the findings from patients with schizophrenia and also in other at-risk groups for 
psychosis. These findings have implications for the early identification of 
individuals at-risk for psychosis. Early identification and evaluation of individuals 
who will develop a psychotic disorder is important for identifying mechanisms 
underlying the onset of psychosis (Cannon et al, 2008). As psychosis has been 
conceptualised as existing on a continuum with normal functioning, as is the 
case with other medical conditions such as diabetes, cardiovascular disease 
and cancer, identifying a degree of risk may aid in the prevention of this 
disorder (Cannon et al, 2008). However, due to the lack of specificity and 
sensitivity of clinical symptoms and cognitive deficits in relation to psychosis, 
identifying individuals as at-risk for a psychotic disorder requires reliable and 
valid at-risk criteria with high positive predictive power (PPP) (Cannon et al, 
2008). Without accurate predictors of transition to psychosis, identification of 
individuals potentially at risk for psychosis may lead to unnecessary exposure to 
the stigma of a diagnosis of mental illness in those who may not make the 
transition to a disorder. The knowledge of being at-risk may generate 
unwarranted anxiety, and may also have a detrimental impact on the 
individual’s interpersonal relationships and also their future life choices in terms 
of education and employment (Corcoran et al, 2005; McGlashan et al, 2001). A 
label of ‘at-risk’ may evoke negative emotional reactions and harmful 
behavioural coping strategies (Yang et al, 2010b).
7.4. Implications of the Findings
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Inherent in the concept of risk for schizophrenia is the inevitable 
identification of high rates of false positives. That is, the majority of individuals 
classified as being at-risk will not develop a psychotic disorder. The prevalence 
of prodromal symptoms in typically developing adolescents can reach rates as 
high as 30% (Meng et al, 2009), but these rates are coupled with high levels of 
discontinuation (van Os et al, 2009). Individuals defined as being at-risk may 
progress to psychosis, develop another DSM-IV disorder, continue being at-risk 
or may go into remission on their own (McGlashan et al, 2001). In a recent 
study, transition rates for adolescents meeting ultra high-risk (UHR) criteria 
showed that at the end of the follow-up period 15.6% of UHR adolescents made 
a transition to psychosis, whereas 35.3% still fulfilled UHR criteria and 49.1% of 
UHR individuals had remitted from their original UHR status (Ziermans et al,
2010). It has been suggested that high remission rates may be a reflection of 
the transitory nature of psychotic-like experiences (Simon et al., 2009; Nelson 
and Yung, 2009). According to van Os et al (2009), 75-90% of psychotic-like 
experiences in the general population is transitory and disappears over time. 
Previous studies have identified predictors of transition to a clinical disorder, 
including the frequency of psychotic experiences and the amount of distress 
associated with the symptoms (Hanssen et al, 2005, Garety et al, 2007, 
Krabbendam and VanOs, 2005). Although in earlier studies of individuals at 
ultra high-risk, conversion rates were around 50% (Miller et al, 2003), these 
rates have dropped to 20% in recent reports from several longitudinal studies 
with a resulting false-positive rate of 80% (Yung et al, 2010, Ruhrmann et al, 
(2010). These findings have important implications for the inclusion of an 
‘attenuated psychotic symptom syndrome’ (APSS), in the DSM-V, as high rates 
of false positives will inevitably lead to stigma and unnecessary medication of
individuals who will not go on to develop a psychotic disorder (Shrivastava et al,
2011).
Previous studies of early intervention in psychosis have produced better 
outcomes for patients (Amminger et al, 2010; Marshall et al, 2005); therefore, 
the development of early intervention strategies has become an important focus 
of research. Intervention in the premorbid phase of vulnerability, which 
precedes the prodromal phase, may be detrimental unless a wide range of 
disorders are targeted with non-specific psychosocial interventions (McGorry et 
al, 2001). Nevertheless, even at the late prodromal stage prior to the onset of 
illness, there is still a high rate of false positives (McGorry et al, 2001). Also, 
even if early identification was possible for psychosis, the use of antipsychotic 
drugs may not necessarily be effective in preventing the disorder (Weiser and 
Davidson, 2001). At-risk individuals for psychosis can provide important 
information on the developmental trajectory to psychosis, without the 
confounding factors of medication, hospitalisation and other illness-related 
factors such as increased substance abuse.
7.4.2. Theoretical Implications of the findings
7.4.2.1. Utility of ER Ps as Biomarkers
The ERP components under investigation in this thesis such as the mismatch 
negativity, the N400 and the P300 are candidates as an endophenotypic marker 
in schizophrenia. Although attenuation of the P300 and N400 components has 
been observed in numerous psychiatric disorders, the MMN has relative 
specificity to schizophrenia. According to Carter et al (2011), there are several
223
issues involved in evaluating the utility of a biomarker for use in identifying 
individuals at-risk for a psychotic disorder. These issues concern the reliability 
and validity of a measure; in other words, the degree to which a particular 
measure reflects the underlying neurophysiological basis of particular 
mechanisms and how reliably this can be replicated (Carter et al, 2011). 
Neurophysiological biomarkers can contribute to the development of treatments 
when the targets of treatment comprise identifiable cognitive and neural 
systems that can be reliably elicited by valid cognitive tasks. Event-related 
potentials can serve as better endophenotype markers than clinical symptoms 
as they may be more closely related to the underlying neurobiology of the 
disorder (Carter et al, 2011). As an ERP component reflects a cognitive process 
that arises from neural connections or transmitter systems, an abnormality in 
this component suggests that treatments targeting that process may produce 
therapeutic benefits (Luck et al, 2010). ERPs may also be helpful in establishing 
sub-groups within a disorder, as ERP components may only be deficient in a 
particular sub-group and thus a treatment targeted at normalising this 
component may be effective for that particular group of patients (Luck et al, 
2010).
Given the heterogeneous nature of schizophrenia, this application of 
ERPs would be fundamental to functional outcome in patients. ERPs are useful 
in diagnosing neurological disorders as they are currently employed to diagnose 
multiple sclerosis, and are used as a predictor of transition from unconscious to 
waking in coma patients (Luck etal, 2010). However, there are some limitations 
to ERPs that may prevent this method becoming a potential biomarker for 
psychosis. These include 1) ERP waveforms differ markedly from one individual
to the next, and 2) there are no formal standards upon which to assess the
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quality of recorded EEG data (e.g. appropriate signal to noise ratios, threshold 
levels for biological artifact contamination or criteria for component 
quantification (Luck etal, 2010). By addressing these concerns, ERPs may 
prove to be valuable candidate biomarkers of vulnerability to psychosis.
7.5. Strengths and Limitations of the Thesis
This study as a whole was presented in schools as a study of adolescent brain 
development rather than a study on psychosis risk. Therefore, families with a 
history of mental health problems were not more likely to participate than those 
without a history. Also, from the 1131 adolescents who were screened for 
psychotic symptoms with the APSS questionnaire, the 212 participants who 
underwent the clinical interview did not differ significantly in their scores on the 
Strengths and Difficulties questionnaire compared to those who only completed 
the questionnaire (Kelleher, in prep). The completion of a screening 
questionnaire and a detailed clinical interview allowed for comparisons between 
the rates of endorsing PLEs on a questionnaire to the information given on the 
nature of these PLEs in a clinical interview. The clinical interview also provided 
a wealth of information on symptoms for other Axis I DSM-IV disorders and the 
neuropsychological battery allowed for the assessment of cognitive function in 
this sample. The broad range of EEG tasks recorded with this sample also 
provided measures of brain function at the level of early sensory and later 
cognitive information processing. This range of tasks can also elucidate which 
event-related potentials may index early anomalous processes in adolescence 
and which may not be affected until later stages of the illness.
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A limitation concerning the representativeness of our sample must be 
taken into account as there were few disadvantaged schools included in 
recruitment process. Also, no private schools were included which may have 
biased our sample towards a public school-going population of middle 
socioeconomic status. Therefore, our recruitment procedure may not have been 
fully representative of the entire school-going adolescent population. Although 
the wide range of EEG tasks was selected in an attempt to cover the spectrum 
of sensory and cognitive deficits observed in schizophrenia, a limitation 
resulting from this approach was that low numbers of trials were averaged for 
the overall waveforms in some tasks. Due to the long duration of trials in tasks 
such as the Go/NoGo and the sentence-completion paradigm, these tasks were 
not suitable for recording in a 10-15 minute time frame, and so required a longer 
testing session. However, due to the timing constraints of recording data for four 
to five tasks in a one-hour recording session, a longer testing session was not 
possible. Therefore, recording data for fewer tasks would have increased the 
numbers of participants and would have allowed for longer testing sessions. A 
final limitation is information on the predictive outcome of the ERP findings for 
this sample of adolescents regarding transition to prodromal status. There is no 
information available yet on outcomes for this vulnerability group. However, 
follow up longitudinal data will elucidate the predictive ability of the findings from 
this thesis.
7.6. Further Studies and Future Directions
In order to determine whether this group of adolescents with PLEs constitutes a 
valid at-risk group for psychosis, longitudinal follow up studies are necessary to
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map the trajectories of these adolescents. Also, approaching private and 
disadvantaged schools would enrich the sample and increase the 
generalisability of the findings. Stratifying the sample into subtypes of PLEs and 
focusing on PLEs that are more likely to persist may improve the specificity and 
predictive ability of neurophysiological impairments beyond the level of the 
general psychotic-like experiences. For instance, Yung et al (2009) reported 
four subtypes of PLEs (i.e. bizarre experiences, perceptual abnormalities and 
persecutory ideas and magical thinking) and concluded that not all subtypes 
conferred the same level of risk for developing psychosis. Further studies using 
multimodal neuroimaging techniques such as diffusion tensor imaging (DTI), 
fMRI or transcranial magnetic stimulation (TMS) would further demonstrate 
whether any evidence of frontal dysfunction is evident in this sample of 
adolescents. The findings from this thesis support the findings of Jacobson et al 
(2010) of reduced fronto-temporal connectivity in adolescents with PLEs.
Source coherence analysis of the EEG data would help establish fronto- 
temporal connections in the recorded EEG. The recorded EEG data can also be 
analysed spectrally to examine oscillatory activity occurring during each of the 
tasks.
7.7. Concluding remarks
Psychotic-like experiences are transitory in nature; therefore, the majority of 
individuals with PLEs will not develop a clinical psychotic disorder in adulthood 
(Dominguez et al, 2009; Cougnard et al, 2007). Nevertheless, as psychotic-like 
experiences in adolescence are associated with a later diagnosis of a psychotic 
disorder, PLEs may represent the behavioural expression of increased liability
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for psychosis in adulthood (Wigman et al, 2011 ; Poulton et al, 2000). According 
to McGorry et al (2001), psychotic-like experiences and cognitive impairments 
in early adolescence have the potential to accumulate with time and result in a 
more pervasive impairment which can lead to a transition to psychosis. 
Understanding how neural circuitry is refined in adolescence may provide some 
insight into the abnormal changes that occur to give rise to the symptoms and 
features of schizophrenia (Lewis, 1997). The subtle neurophysiological deficits 
observed in this group of adolescents with PLEs compared to a group of 
controls without such symptoms suggests that a disruption in normal 
neurodevelopmental processes in adolescence may be responsible for the 
onset of psychotic symptoms and possibly the development of a psychotic 
disorder in adulthood. The presence of neurophysiological vulnerability markers 
in adolescents with PLEs suggest that this group may indeed be at-risk for 
developing a psychotic disorder in later adulthood.
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Appendix 1-. Parent Information Leaflet on Day i  of jùecrultment
O s p id é û l  B e a u m o n t
P. O, Box 1297 Beaumont Road Dublin 9 
Telephone: 809 3000 /  837 7755 Facsimile: 837 6982
B E A U M O N T  H O S P I T A L
u  * n t  4 -
V c
Adolescent Brain Development Study 
RCSI Education and Research Centre 
Beaumont Hospital 
Dublin 9
Tel: 01-809 3855
Parent/Guardian Information Sheet
Dear Parent,
Your child is being invited to take part in a research study investigating brain function 
and development in early adolescence. We can learn a lot just by asking some 
questions and by carrying out some simple and fun tasks. As part of this, your child will 
get to experience some of the exciting work being earned out in science and medicine.
Please take the time to read this information sheet and feel free to contact us If you 
have any further questions. You may change your mind at any time (before the study 
starts or at any time during the study) for whatever reason without having to justify your 
decision.
Who is organising and funding this study?
This study is funded by the Health Research Board and is being run by Professor Mary 
Cannon, a Consultant at Beaumont Hospital and Associate Professor with The Royal 
College of Surgeons in Ireland.
What will my child have to do in the study?
If you and your child both say 'yes', your child can take part in the study. We will then 
ask your child to fill in a short questionnaire about their thoughts and feelings. This will 
only take about 10 minutes.
What will you do with the information?
All information will be used purely for research purposes and will not be passed on to 
other bodies, Your child’s details will remain entirely confidential and they will never be 
identified with this information.
Beaumont Hospital is the principal teaching hospital for the Royal College oj Surgeons in Ireland
267
What else will my child need to do?
That’s it! We will, however, be carrying out another study at a later date for which we 
will need a smaller group of adolescents. This would involve bringing you and your child 
to Beaumont Hospital over the summer holidays for more detailed interviews and 
testing. We will give you full details on this part of the research if you are interested in 
hearing more about it.
What should I do now?
Once you have decided whether you consent or do not consent to your child taking part, 
please sign the Consent Form and return it to us. We ask you to return this form 
whether or not you choose to consent.
Thank you for your help in our work
if you have any questions, please feel free to contact the doctor in charge:
Professor Mary Cannon,
Education and Research Centre 
Royal College of Surgeons in Ireland and Beaumont Hospital
Telephone: 01 >809-3855
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Appendix 2: Consent Form d is tr ib u te d  on Day 1 of Recruitment
ABD Study
Department of Psychiatry 
RCSI Education and Research Centre 
Beaumont Hospital 
Phone 01-8093856
Parent/Guardian Consent Form
confirm that:
• I have read and understood the information sheet about the study
• I can contact the doctor in charge with any questions
• ! understand that all the information about my child will be kept strictly 
confidential
• I understand that my child's participation in this study is entirely 
voluntary and that I may withdraw my child from this study at any time
agree for my child to take part in this study Yes No
Your full name;.... 
Your signature:....
Today’s date:.....
Your child’s name:
Please tick this box and include contact details if you would like to heari I 
more about the second part of the study I— I
Contact Details (Address/Phone number):
^ aV>
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Study No:_________
Appendix 3: ABD Questionnaire d istribu ted  on Day 2 of Recruitment
Date: 13th June 2008
QUESTIONNAIRE
Age:
D o te  o f b i r t h : ,
Class:
School:
ease circle the correct one)
Country of birth; .
It  would help us if tests as best you cart even ï 
or the item seems daft!
raj one box for each question.
Thank You!
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Adolescent Brain Development Study Questionnaire
P le a s e  t i c k  o n e  b o x  f o r  e a c h  q u e s t io n
No, . Yes,’ Maybe . ’
Never definitely
I tiy to be nice to other people. 1 care about their feelings
I am restless, I cannot stay still for long 
I get a lot of headaches, stomach-aches or sickness 
I usually share with others, for example CD’s, games, food 
I get very aqgry and often lose.my temper 
I would rather be alone than with people of my age 
I usually do as I am told 
I worry a lot
I am helpful if someone is hurt, upset or feeling ill
I am constantly fidgeting or squirming
I have one good friend or more
I fight a lot, I can make other people do what I want 
I am often unhappy, depressed or „ I
Other people my age generally like me 
I am easily distracted, I find it difficult to concentrate 
I am nervous in new situations. I easily lose confidence 
1 am kind to younger children 
I am often accused of lying or cheating 
Other children or young people pick on me or bully me 
I often offer to help others (parents, teachers, children)
- « s K r .  *swn y .I think before 1 do things
I take things that are not mine from home, school or elsewhere 
I get along better with adults than With people my own age 
1 have many fears, I am easily scared 
I finish the work I’m doing. My attention is good
Some people believe that their thoughts can be read by another person. Have 
other people ever read your mind?
1 lave you ever had messages sent jugt to you through TV or radio?
Have you ever felt that you were under the control of some special power? 
Have you ever heard voices or sounds that no one else can hear?
Have you ever seen things that other people could not see?
I lave you ever felt that you have extra-special powers? vV>;'-
Have you ever thought that people are following you or spying on you?
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Appendix 4: Psychosis Section from  the  K-SADS Interview  Schedule
P S Y C H O S IS
1. Hallucinations
Sometimes children, when they are alone, hear 
voices or see things, or smell things and they 
don't quite know where they come from.
Has this ever happened to you? Tell me about it.
Has there ever been a time you heard voices 
when you were alone? What did you hear?
Have you ever heard someone call your name 
when there was no one around? What hind of 
things did you hear? D id  you ever hear music 
which other people could not?
Has there ever been a time when you saw things 
that were not there? What about shadows or 
other objects moving? D id  you ever see ghosts? 
When? D id  this only happen at night while you 
were trying to sleep, or did it happen in the 
daytime too?
What did you see?
Has there ever been a time when you had an 
unusual smell about yourself?
Note: I f  hallucinations possibly present, prior 
to scoring this item, assess the subject's 
conviction of the reality of the hallucinations 
with the probes below.
What did you think it was?
Did you think it is your imagination or real? 
Did you think it was real when you (heard, saw, 
etc.) it?
What did you do when you (heard, saw, etc.) it? 
These voices you heard (or other 
hallucinations), did they occur when you were 
awake or asleep? Could it have been a dream? 
Did they happen when you are falling asleep? 
Waking up? Only when it was dark? D id  they 
happen at any other time also?
Were you sick with fever when they occurred? 
Have you ever been drinking beer, wine liquor? 
or taking any drugs when it happened?
Was it like a thought or more like a voice
(noise) or a vision?
PCS
0 0 0 No information.
1 1 1 Not present.
2 2 2 Subthreshold: Suspected or likely.
3 3 3 Threshold: Definitely present.
Past: __ __ __
P C S
275
II. Delusions
Do you know what imagination is? Tell me.
Has there ever been a time your imagination 
played tricks on you?
What kinds of tricks?
Tell me more about them.
D id  you have any ideas about things that you 
didn't tell anyone because you are afraid they 
might not understand?
What were they?
Did  you believe in things that other people 
didn't believe in?
Like what?
A sk about each of the delusions surveyed 
below:
Has there ever been a time you felt that 
someone was out to hurt you?
Who? Why?
D id  you ever think you were an important or 
great person?
When you were with people you did not know, 
did you think that they are talking about you?
Was there ever a time when you felt something 
was happening to your body? Like did you 
believe it was rotting from the inside, or that 
something was very wrong with it?
D id  you ever feel convinced that the world was 
coming to an end?
How often did you think about___________ ?
IF  R E C E IV E D  A  S C O R E  O F  3 ON T H E  C U R R E N T  R A T IN G S  ON E IT H E R  O F  T H E  
P R E V IO U S  IT E M S ,
C O M P L E T E  T H E  C U R R E N T  S E C T IO N  O F  S U P P LE M E N T  #2, P S Y C H O T IC  D IS O R D E R S , 
A F T E R  F IN IS H IN G  T H E  
S C R E E N  IN T E R V IE W .
_ IF  R E C E IV E D  A S C O R E  O F 3 ON T H E  P A ST  R A T IN G S  ON E IT H E R  O F  T H E  P R E V IO U S  
IT E M S , C O M P L E T E  T H E  P A ST  S E C T IO N  O F S U P P LE M E N T  #2, P S Y C H O T IC  D IS O R D E R S , 
A F T E R  F IN IS H IN G  T H E  S C R E E N  IN T E R V IE W .
_NO E V ID E N C E  O F  P S Y C H O S IS .
N O T E S: (Record dates of possible current and past hallucinations and delusions).
PCS
0 0 0 No information.
1 1 1 Not present.
2 2 2 Subthreshold: Suspected or likely.
3 3 3 Threshold: Definitely present.
Past: __ __ __
P C S
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Appendix 5: Children’s Global Assessment (CGAS) 
CHILDREN’S GLOBAL ASSESSMENT SCALE
Use intermediary levels (e.g., 35, 58, 62). Rate actual functioning regardless of
treatment or prognosis. The examples of behavior provided are only illustrative and are
not required for a particular rating.
100-91 Superior functioning in all areas (at home, at school, and with peers); involved 
in a wide range of activities and has many interests (e.g., hobbies or participates 
in extracurricular activities or belongs to an organized group such as Scouts, 
etc); likeable, confident; "everyday" worries never get out of hand; doing well in 
school; no symptoms.
90-81 Good functioning in all areas; secure in family, school, and with peers; there 
may be transient difficulties and "everyday" worries that occasionally get out 
of hand (e.g., mild anxiety associated with an important exam, occasional 
“blowups" with siblings, parents, or peers).
80-71 No more than slight impairment in functioning at home, at school, or with peers; 
some disturbance of behavior or emotional distress may be present in response 
to life stresses (e.g., parental separations, deaths, birth of a sib), but these are 
brief and interference with functioning is transient; such children are only 
minimally disturbing to others and are not considered deviant by those who 
know them.
70-61 Some difficulty in a single area, but generally functioning pretty well (e.g.,
sporadic or isolated antisocial acts, such as occasionally playing hooky or petty 
theft; consistent minor difficulties with school work; mood changes of brief 
duration; fears and anxieties which do not lead to gross avoidance behavior; 
self-doubts); has some meaningful interpersonal relationships; most people who 
do not know the child well would not consider him/her deviant but those who do 
know him/her well might express concern.
60 - 51 Variable functioning with sporadic difficulties or symptoms in several but not 
all social areas; disturbance would be apparent to those who encounter the child 
in a dysfunctional setting or time but not to those who see the child in other 
settings.
50-41 Moderate degree of interference in functioning in most social areas or severe 
impairment or functioning in one area, such as might result from, for example, 
suicidal preoccupations and ruminations, school refusal and other forms of 
anxiety, obsessive rituals, major conversion symptoms, frequent anxiety attacks, 
poor or inappropriate social skills, frequent episodes of aggressive or other 
antisocial behavior with some preservation of meaningful social relations.
40-31 Major impairment in functioning in several areas and unable to function in one 
of these areas, is, disturbed at home, at school, with peers, or in society at large, 
e.g., persistent aggression without clear instigation; markedly withdrawn and 
isolated behavior due to either mood or thought disturbance, suicidal attempts 
with clear lethal intent; such children are likely to require special schooling
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and/or hospitalization or withdrawal from school (but this is not a sufficient 
criterion for inclusion in this category)
30 - 21 Unable to function in almost all areas, e.g., stays at home, in ward, or in bed all 
day without taking part in social activities or severe impairment in reality testing 
or serious impairment in communication (e.g., sometimes incoherent or 
inappropriate)
20 - 11 Needs considerable supervision to prevent hurting others and self (e.g.,
frequently violent, repeated suicide attempts) or to maintain personal hygiene or 
gross impairment in all forms of communication, e.g., severe abnormalities in
verbal and gestural communication, marked social aloofness, stupor, etc.
10-1 Needs constant supervision (24-hr care) due to severely aggressive or self­
destructive behavior or gross impairment in reality testing, communication, 
cognition, affect or personal hygiene.
The Children's Global Assessment Scale was adapted from the Global Assessment Scale 
for Adults (Shaffer, D., Gould, M., Brasic, J., Ambrosini, P., Fischer, P., Bird, H., 
Aluwahlia, S. A Children's Global Assessment Scale (CGAS). Arch Gen Psychiatry, 
1983,40:1228-1231.)
Children’s Global Assessment Scale (Use Rating Scale on Previous Page)
CURRENT
Rate the subject’s level of general functioning for the past two weeks by selecting 
the level which describes his/her functioning on a hypothetical continuum of health- 
illness.
M O S T  S E V E R E  P A S T
_Rate the subject’s level of general functioning during his/her most severe past
episode of psychiatric illness.
Record time period rated___________ .
HIGHEST PAST
_During the past year, rate the child’s highest level of functioning.
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Appendix 6: P aren t Information Leaflet for the  EEG Session
Adolescent Brain Development Study 
Education and Research Centre 
Royal College of Surgeons in Ireland 
Beaumont Hospital 
Dublin 9
Parent/Guardian Information Leaflet
Protocol Title:
Adolescent Brain Development Study
Principal Investigator: _________Prof. Mary Cannon___________
Beaumont Hospital
Dear Parent
Y o u r  c h ild  is  b e in g  a s k e d  to  t a k e  p a r t  in a  r e s e a r c h  s tu d y .  B e fo re  y o u  d e c id e  w h e t h e r  o r  
n o t y o u  w is h  to  g iv e  y o u r  c o n s e n t  fo r  y o u r  c h i ld 's  p a r t ic ip a t io n ,  y o u  s h o u ld  r e a d  t h e  
in fo rm a t io n  p r o v id e d  b e lo w  c a r e fu l ly  a n d  if  y o u  w is h  d is c u s s  it w ith  y o u r  fa m ily ,  f r ie n d s  o r  
G P .  T a k e  t im e  to  a s k  q u e s t io n s  -  d o  n o t  fe e l  r u s h e d  o r  u n d e r  a n y  o b l ig a t io n  to  m a k e  a  
h a s ty  ju d g e m e n t .  Y o u  s h o u ld  c le a r ly  u n d e r s t a n d  th e  r e q u ir e m e n t s  o f  p a r t ic ip a t in g  in th is  
s tu d y  s o  t h a t  y o u  c a n  m a k e  a  d e c is io n  th a t  is  r ig h t  fo r  y o u  a n d  y o u r  c h i l d -  th is  p r o c e s s  is  
k n o w n  a s  In fo r m e d  C o n s e n t .
Y o u  m a y  c h a n g e  y o u r  m in d  a t  a n y  t im e  ( b e f o r e  t h e  s ta r t  o f  th e  s tu d y  o r  e v e n  a f t e r  y o u r  
c h ild  h a s  c o m m e n c e d  t h e  s tu d y )  fo r  w h a t e v e r  r e a s o n  w it h o u t  h a v in g  to  ju s t i fy  y o u r  
d e c is io n .  I f  y o u  d e c id e  t h a t  y o u  w o u ld  l ik e  to  c o n s e n t  to  y o u r  c h ild  ta k in g  p a r t  in t h e  s tu d y
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we will arrange to meet you and your child and go through the information sheet with you 
in detail before signing the consent form. Please phone us at any time with your questions 
-0 1  809 3855
WHY IS THIS STUDY BEING DONE?
This project aims to identify brain changes related to certain thoughts and experiences that 
can occur in adolescence.
WHO IS ORGANISING AND FUNDING THIS STUDY?
This study is funded by the Health Research Board. The primary investigator is Prof. Mary 
Cannon, Consultant Psychiatrist at Beaumont Hospital and Associate Professor with The 
Royal College of Surgeons in Ireland.
HOW WILL IT BE CARRIED OUT?
This study is due to take place in July and August 2009. Approximately 40 adolescents, 
aged 11-13 years will take part.
WHAT WILL HAPPEN TO MY CHILD IF I GIVE MY CONSENT FOR HIS/HER 
PARTICIPATION?
This project will be carried at the National University of Ireland in Maynooth (NUIM). There 
may also be follow up sessions after one year. This would require separate consent.
Information and consent: Once you have expressed an interest in participating in the 
study, we will arrange for you and your child to come to NUIM for a morning or 
afternoon. During this meeting we will go through the information sheet in detail, 
taking time to answer any queries you might have. Once you are satisfied with the 
information given we will ask you to sign a consent form witnessed and co-signed by 
our researcher.
EEG: We would like to carry out a test of electrical activity in the brain while your child is 
watching a computer screen. This would involve putting an electrode cap on your child, 
which can ‘read’ the electrical activity coming from the brain through the skull. The 
electrode cap looks like a swimming cap with wires. During this part of the study your child 
will look at a screen and carry out some simple tests like games. Afterwards we will
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remove the electrode cap and clean the gel off your child’s hair. This whole test (including 
putting on and removing the cap) will take approximately 1.5 hours. None of the testing 
will be in any way painful.
POSSIBLE BENEFITS OF THE STUDY
Although your child will not receive a direct medical benefit from participation in this study, 
information that we collect will help us to better understand the function of the developing 
human brain.
WHAT ARE THE RISKS ASSOCIATED WITH THE STUDY?
When operated by appropriately qualified individuals, EEG presents virtually no risk, as 
there is NO exposure to x-rays or radioactivity with these procedures.
WHAT IF SOMETHING GOES WRONG AS A RESULT OF MY CHILD’S 
PARTICIPATION IN THIS STUDY?
Participation in this study is covered by an approved policy of insurance.
WILL THERE BE ANY ADDITIONAL COSTS INVOLVED?
Any expense incurred as a result of participation in this study will be reimbursed
OUR RESPONSIBILITIES AS INVESTIGATORS
If the investigators become aware of any information during the course of the study that 
may affect your willingness to allow you child to continue to participate you will be told 
immediately.
CONFIDENTIALITY ISSUES
Your child’s GP will be informed of his/her participation in this study. We will not disclose 
any identifying information about your child. When the results of the research are 
published or discussed in conferences, no information will be included that could identify 
participants. Any information obtained in connection with this project and that can identify 
your child will remain confidential. In any publication arising from this research, only 
results from the group as a whole will be published, and individual results will not be 
identifiable.
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B y providing my consent I agree that:
I have been informed of the discomforts and risks that my child may reasonably expect to 
experience as part of this study. I have been informed that when used on appropriately 
qualified individuals, EEG presents virtually no risk. There will be no exposure to x-rays or 
radioactivity in this study.
I understand these risks and am consenting to my child's participation in this 
research. I understand that I can withdraw my child’s participation at any time from 
the study.
IF YOU REQUIRE FURTHER INFORMATION
If you have any further questions about the study, or if you wish to withdraw your child 
from the study, you may do so without justifying your decision. For additional information 
now or any future time please contact:
Prof. Mary Cannon 
Education and Research Centre 
Beaumont Hospital
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Appendix 7: Inform ation Leaflet for U nder 16s for th e  EEG Session
Adolescent Brain Development Study 
Education and Research Centre 
Royal College of Surgeons in Ireland 
Beaumont Hospital 
Dublin 9
Information Leaflet for under 16s 
Adolescent Brain Development Study
Invitation:
We are asking you if you would like to take part in a study about 
brain development. You do not have to take part if you do not want 
to. Take your time to read this and to make sure you understand 
everything. I f  you have any questions, you can ask your parents or 
guardians to explain.
Why are we doing this study?
During adolescence certain changes in your brain occur as you 
develop. We are doctors and scientists who are studying these 
changes and we want to find out how they are related to thoughts 
and experiences that occur at this point in life.
An EEG test
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We would like to carry out an EEG test (See the picture 
above). This EEG test allows us to measure electrical activity 
(’‘brainwaves") in different parts of the brain. To record EEG 
what we will do is place a soft cap over your head (like a 
swimming cap). There are several holes in the cap for the 
electrodes and a special gel (similar to hair gel) is put in the 
holes. While we are putting on the cap, you can watch a DVD 
of your choice. When we have finished preparing the cap, you 
will sit and carry out some tests at a computer screen. You can 
have your parent or guardian with you throughout the study 
session if you like. I f  you start to get tired or bored, we will 
take short break or stop the study early. You may stop the 
study for any reason at any time. When the session is over, we 
will remove the cap and gently remove the gel. The entire EE6 
session takes about one and a half hours.
Will it hurt?
There is nothing in this study that should cause you any pain or 
discomfort. I f  you do not like any part of the study, you can stop 
at any time. We can organise your travel to and from Maynooth. 
We will carry out the tests during school holidays or at the 
weekend.
Do I  have to take part?
No, if you do not want to be in this study, you do not have to. You 
will not get into any trouble and there is no problem if you do not 
want to do this. Talk to your parents or guardians and think about 
what you want to do. I f  you decide you would like to take part, 
there is a form that we will need you to sign. The doctor that you 
normally go to when you are sick will be told that you are taking 
part in this study.
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Information Taken
A n y  important information that we learn about you during the 
study will be passed on to your parents or guardians and your 
family doctor.
I f  you have any questions, your parents or guardians can ring: 
Prof. Mary Cannon, Consultant Psychiatrist, Beaumont Hospital.
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Appendix 8: Clinical classification of psychotic-like experiences (PLEs) in 
the ABD study
Essentially a strong PLE refers to experiencing hallucinations and/or delusions. 
Not all such phenomena are of equal clinical significance, however. The 
following characteristics help to separate hallucinations and delusions of 
potential clinical significance from hallucinations and delusions that are of 
limited or no clinical significance.
Hallucinations:
Auditory hallucinations may involve voices or other sounds. A formed 
hallucination involves hearing one or more voices saying at least one word and 
is classed as a strong PLE in general (see notes below for notable exceptions). 
Common formed auditory hallucinations, classed as strong PLEs, include
• Voice commenting on behaviour
• Voice giving commands
• Voices conversing
Unformed auditory hallucinations may involve whispering voices, voices at 
normal volume or shouting voices where the words cannot clearly be 
distinguished by the individual. These are classed as strong PLEs in general
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Auditory hallucinations may also include non-vocal sounds, such as music 
playing or animal noises but these are generally classed as weak PLEs. E.g., 
hearing music playing for a short period of time when none is playing would be 
classed a weak PLE unless it is distressing or disorganizing, when it would be 
classed a strong PLE. Experiences that are very common such as occasionally 
hearing footsteps or knocking, are not classed as PLEs unless these 
experiences are associated with delusional ideation.
Visual hallucinations are classically thought to be associated with organic 
pathology but are not uncommon types of PLEs in the general population. They 
often occur in individuals who also experience auditory hallucinations. Common 
visual hallucinations, which are rated as strong PLEs, include seeing
• People
• Faces
• Ghosts
• Aliens
Tactile hallucinations are common but most could be considered trivial and 
would not be classed as PLEs. For example, most people report experiencing 
their mobile telephone vibrating when it had not really done so or occasionally 
feeling something brush lightly against their skin when nothing was there. These 
experiences would not be classed as PLEs unless they involved delusional 
attributions (e.g., believing it was a ghost that was brushing against them).
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Isolated tactile hallucinations that would be classed as PLEs are unusual but 
may occur ocassionally (e.g., recurring feeling of forceful physical touch when 
nobody was there), but would generally be rated as weak PLEs in the absence 
of delusional attributions.
Olfactory and gustatory hallucinations are not uncommon but are rarely 
significant enough to warrant classification as a strong PLE. Occasional 
experiences of smells or tastes which are not distressing are not classed as 
PLEs. Some individuals may report recurrent experiences of clearly smelling a 
particular food (often one the individual desires) which they have found odd; this 
type of experience would be rated as a weak PLE.
Note on rating formed hallucinations
Exceptions, which are not considered PLEs, include experiences that are very 
common if not universal, including the experience of hearing one’s own name 
when no one has called it, unless such experiences are associated with 
delusional beliefs (e.g., a ghost is calling my name).
Brief experiences of gedankenlautwerden (the experience of hearing one’s own 
thoughts aloud even though the individual did not speak them) are common in 
childhood and early adolescence and are classed as weak PLEs as long as they 
are brief in duration (a few words or one sentence), are not associated with 
delusional ideation and are not experienced as significantly distressing or
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disorganising. Frequency of gedankenlautwerden varies, but does not in-and-of- 
itself impact on rating.
Note on illusions
Common illusions such as occasionally hearing the doorbell or the telephone 
while the TV or radio are playing, or seeing a coat from the corner of one’s eye 
and briefly believing it to be a person, are not classed as PLEs. However, more 
elaborate illusions, for example thinking that a face in a picture or poster had 
been moving, would be classed as a weak PLE.
Note on hypnagogic and hypnopompic hallucinations
Hypnagogic and hypnopompic hallucinations are generally not classed as PLEs. 
However, it is important to distinguish between hypnopompic/hypnagogic and 
simply being in bed -  if the individual is not actually in the process of waking up 
or falling asleep then the hallucination should not be dismissed as 
hypnopompic/hypnagogic; it is often at night time that individuals are alone and 
hallucinatory experiences may be more likely to occur and these experiences 
are classed the same as any other PLE.
Hallucinations that occur only when the individual is tired (but not falling asleep 
or awakening) and are brief in duration would be classed as weak PLEs (e.g., a 
vague but identifiable image of a person moving past the doorway). Prolonged 
hallucinations would be classed as strong PLEs even if the individual is tired.
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Insight into the hallucination (a 'pseudohallucination') does not preclude it from 
being classed as a strong (or weak) PLE.
Note on hallucinations and daydreaming
Very brief hallucinations that occur only when daydreaming would generally be 
classed as weak PLEs.
Note on illness and intoxication
Hallucinations that occur as the result of an organic illness (e.g., a fever) are not 
classed as PLEs. Whether or not to include PLEs that are associated with drug 
use is unclear; we would generally include PLEs that occur other than during 
acute intoxication.
Delusions:
Significant delusions most commonly occur in individuals who also experience 
hallucinations and often relate to the content of the hallucination, though they 
may also occur in individuals with no hallucinations. The following are 
experiences that are commonly encountered.
• A vague feeling of unease associated with the occasional feeling that 
someone may be watching the individual would be classed as a weak PLE. 
More frequent or more concrete ideas about being watched, such as being
Note on hallucinations versus pseudohallucinations
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able to suggest a certain person or organisation as being responsible or the 
belief that cameras have been set up to watch the individual, would be 
classed as a strong PLE.
• Recurrent, unfounded or very exaggerated ideas that others (generally more 
than one person or group) are saying negative things about the individual 
would be classed as a strong PLE. Care must be taken, however, to 
distinguish paranoia from self-consciousness (e.g., about clothes or physical 
appearance), which is not classed as a PLE.
• Bizarre attributions for experiences (e.g., the belief that ghosts/deceased 
relatives/aliens are the cause of the experience) are not uncommon. A belief 
that ghosts/spirits can influence events is in-keeping with many 
cultures/subcultures and would not be considered a PLE. However, the 
belief that ghosts are directly communicating with the individual in question 
(for example, the ghost of a dead relative) would be considered a strong 
PLE.
• Subcultural beliefs about that the world may be coming to an end are not 
uncommon among young people and are often in-keeping with ideas from 
books or film. These would generally be classed as weak PLEs unless they 
are of a psychotic level of intensity (unshakable conviction), when they would 
be classed as strong PLEs.
• A belief that one can read minds or that one’s mind has been read is usually 
somewhat in-keeping with subcultural beliefs about psychics and is generally 
classed as a weak PLE at most. In some circumstances, however, it would
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be classed as a strong PLE, for example, if it was associated with paranoia, 
such as the individual believed that others had singled out him/her and were 
aiming to read their mind for a particular (usually nefarious) reason.
• A vague unsubstantiated but persistent feeling that something strange is 
going on or that the individual feels he or she might be ‘going crazy’ despite 
no specific or concrete examples of hallucinations or delusions would be 
classed as a weak PLE.
• Note: magical thinking, such as a belief that one had predicted the future, is 
very common and is generally classed as a weak PLE at most, unless, for 
example, it is distressing or disorganising.
Note on severity of hallucinations and delusions
The significance of the severity of the hallucination or delusion is unclear at 
present. However, there are a range of severities in the experiences that can be 
considered strong PLEs.
292
Appendix 9: Exam ples of Strong and Weak Psychotic-Like Experiences
Strong Psychotic-Like Experiences:
Auditory Hallucinations
“...Once in school, sitting down, I heard the man saying 'turn around', my friend 
was sneaking up behind me...” (Distress: 10/10).
“...Voice is like "a thousand screaming people being tortured for all eternity in 
the pit of death, like no other voice I've heard."
“...making screeching noises, 'leave us alone' and 'get out'...”
Visual Hallucinations
“...Whenever I get mad it makes pictures of "you know who" appear-EI Diablo. It 
feels like I can hear something supernatural. It has "horns and scars from top to 
bottom, hoofs, a lot of fur on its' legs and waistline, it was red. I see him from 
the corner of my eye and when I look over he's not there. I see him for about 5 
minutes. It's very clear, not blurry.
“...On holidays, last Christmas, on balcony-thought I saw someone in pool 
drowning, called mum and then there was no one there, think it was my 
imagination...”
“...Once when swimming he saw a black girl walking around the dressing rooms 
he looked twice and saw her, she was gliding around, thought it was a ghost- 
definately a ghost no other explanation...”
“...Last Christmas-on holidays, once- saw a man dressed in World War I holding 
a gun, turned around and looked at me, shimmering around his stomach-shot, 
fell back and disappeared..."
Command Hallucinations:
“...He makes others annoy me, I get annoyed and then he tells me to do stuff, 
hears "get mad." "go on fatso, you know you want to kill them so kill them." I get 
mad but I try not to kill them because if I know if I end up killing them he gets my 
soul-l go to hell...”
Delusions:
“...Ghosts, people are always watching you, like if I was here by myself and 
could see something, always would be a person and they would talk to him...”
“...Message from TV-On WWF the wrestler Randy X (Andrews hero) looks into 
the camera and says "don't try this at home, No definitely directed at me...”
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Grandiosity:
"Mum gave birth to a genius", "See how the simplest of answers is just blurted 
out" (in CELF).
“...yes, feel like a bit different to everybody else not smartness, just feel like i 
have some specialness...”
Weak Psychotic-Like Experiences:
Auditory Hallucinations
“...Noises on landing, thought someone was talking but they were not...”
“...Hear name being called alot, every few days sometimes as a shout, 
sometimes faint. I hear it like the person calling is near me. Not the same voice, 
Dad, other people. Upstairs last week and I heard Dad calling me from 
downstairs but he wasn’t (checked). Must be my imagination because no one's 
calling...”
Visual Hallucinations
“...Age 5 I was playing out in the green and I fell and when I was getting up I 
seen a cat standing in the middle of the road, don't know what colour but it 
looked clear, like it was there. It was only there for a second, couldn't have been 
really there because it couldn't have disappeared in that time...”
”... Me and a friend were in a field near a friend's house, we shouldn't have 
been there. Seen jeep driving towards me-silver, flatback jeep, very clear, could 
see the wheels moving. Seen the jeep for 4-5 secs. I was too scared to move, 
ducked and hid in the grass. After a few secs I ran back to friend hiding in the 
grass, was wondering what was keeping the jeep but it never came. Friend 
didn't see it. It was never there, definitely not there or the friend will have seen it 
also. It looked very real though, it was coming so fast. Distress 1-10=9 
Attribution: "How did I see it and it wasn’t really there?" don't know why I seen 
it...”
Command Hallucinations
"...Conscience telling me not to do something a couple of times this year..." 
Thoughts aloud
“...I'd hidden a ball in the cloakroom at school, boy was looking for it and I 
thought ‘He might find it and get it before you’, heard it out loud. He found the 
ball so I think he might have heard me...”
Delusions
“...Have a feeling that there is something strange going on. Can't explain what it 
is or what it could be. Just a strange feeling every so often, not all the time...”
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Appendix 10: Parent Consent form for EEG
CONSENT FORM
Protocol Title:
Adolescent Brain Development
Please tick the appropriate answer.
• I confirm that I have read and understood the Parent/Guardian Information
Leaflet dated____________attached, and that I have had ample opportunity to
ask questions all of which have been satisfactorily answered.
□Yes □ No
• I understand that my child’s participation in this study is entirely voluntary and 
that I may withdraw his/her participation at any time, without giving a reason. If 
my child is in receipt of treatment from a doctor, my decision to withdraw from 
this study will not affect his/her treatment or standard of care.
□Yes □ No
• I understand that my child's identity will remain confidential at all times.
□Yes □ No
• I have been given a copy of the Patient Information Leaflet and this Consent 
form for my records.
□Yes □ No
• I agree that I will not restrict the use to which the results of this study may be 
put.
□Yes □ No
Signature and dated Name in block capitals
To be completed by the Principal Investigator or his/her nominee.
I the undersigned, have taken the time to fully explained to the above patient the 
nature and purpose of this study in a manner that he/she could understand. I have 
explained the risks involved, the experimental nature of the treatment, as well as 
the possible benefits and have invited him/here to ask questions on any aspect of 
the study that concerned them.
Signature, qualifications and date Name in block capital
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Appendix 11: Under 16 Assent Form for EEG
Adolescent Brain Development Study 
Education and Research Centre 
Royal College of Surgeons in Ireland 
Beaumont Hospital 
Dublin 9
A S S E N T  F O R M  f o r  M in o rs  (u n d e r 1 6 ) 
A d o le s c e n t b ra in  d e v e lo p m e n t s tu d y
I  have read and understood the Information Leaflet for Under 16s.
I  would like to take part in this study about Adolescent Brain 
Development.
SIGNED:
D A TE D :
"S? ¿ a *
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A p p en d ix  12: 6 0  s e n te n c e s  fo r n o rm in g  in  a  sch o o l-g o in g  a d o le s c e n t  
p o p u la tio n
On the next tw o  pages you w il l  fin d  60 sentences, each w ith  the fin a l w ord  
le ft blank. Y o u  m ust s im p ly  read each sentence at your norm al pace and 
w rite  the w ord  that comes to  m ind F IR S T  as the lik e ly  ending to th is 
sentence.
For example i f  the sentence was “ The party  did not end u n til
_____________.”  A  possible answer m ig h t be dawn, late or m idn igh t and so
on.
Y o u  should o n ly  w rite  one w ord  at the end o f  every sentence. W ords 
should on ly be in  the English  language and must be real words. F in a lly , try  
to  avoid using the same w ord  tw ice. F o r some sentences the w ord  to use 
w i l l  seem obvious fo r  others it  w i l l  not, fo r  these ju s t put down the w o rd  
that comes to  m ind  firs t and makes sense in  that sentence.
297
1) He mailed the letter without a __________ .
2) Helen reached up to dust the___________ .
3) Barry wisely chose to pay the__________
4) They went as far as they______________•
5) The person who caught the thief deserves our
6) Most cats see very well at____________ .
7) It is hard to admit when one is__________
8) Even their friends were left in the_______
9) When you go to bed turn off the _________
10) Every month Rick had to clean his_____
11) The car stalled because the engine failed to
12) Ken built his new house on a quiet_____
13) He scraped the cold food from his______
14) The dispute was settled by a third______
15) Her new shoes were the wrong_______
16) My sister bought tickets for the opening _
17) He bought them in the candy _ _______
18) The young boy was granted a small____
19) George could not believe his son stole a _
20) There are times when life feels_______
21) If the crowd quiets down the band will_
22) He crept into the room without a______
23) The truck that Bill drove crashed into the
24) The dog chased our cat up the_______
25) In the distance they heard the________
26) It was clear that the leg was_________
27) He was soothed by the gentle_______
28) The police had never seen a man so___
29) You can’t take the test without a_____
30) They were startled by the sudden_____
31) Her job was easy most of the_______
32) The final score of the game was_________
33) Captain Sheir wanted to stay with the sinking
34) In the first space enter your____________
35) Larry chose not to join the___________•
36) The old house will be torn __________ ,
37) She cleaned the dirt from her___________
38) Most shark attacks occur very close to____
39) The game was called off when it started to_
40) None of his books made any___________
41) Coming in he took off his________ •
42) The lawyer feared that his client was_____
43) You could count on Dale on being late for_
44) The baby cried and upset her_________ .
45) His leaving home amazed all his________
46) The long test left the class feeling_______
47) The dispute was settled by a third_______
48) Billy hit his sister on the____________ •
49) His view was blocked by the__________
50) The storm made the air damp and ________
51) The actor was praised for being very_____
52) Rushing out he forgot to take his________
53) His ring fell into a hole in the__________
54) They wanted their parents to come______
55) Every spring they held their annual______
56) They went to the rear of the long_______
57) Few had the nerve to take the needed____
58) For a runner Ted is rather____________■
59) They went to see the famous__________ _
60) The surgeon tried vainly to save his_ __ _
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Appendix 13: Overall account of tasks and results from the experimental chapters.
MMN Go/NoGo N400 BPVS
No. of 
Participants
Controls = 22 
At-Risk = 14 
Weak PLE = 8 
Total = 44
Controls = 25 
At-Risk = 13 
Weak PLE = 11 
Total = 49
Controls = 14 
At-Risk = 9 
Weak PLE = 9 
Total = 32
Controls = 21 
At-Risk = 16 
Weak PLE = 5 
Total = 42
Sex M = 21 
F = 23
M = 29 
F = 20
M = 17 
F = 15
M = 20 
F = 22
Components
examined
MMN, P3a N2, P3a, P3b N400 N400, P300(b)
Electrode Sites Fp1, Fpz, Fp2 
F1, Fz, f2 
Fc1, Fez, Fc2 
C3, Cz, C4 
Tp9, Tp10
F3, Fz, F4 
Fc3, Fez, Fc4 
P3, Pz, P4
AF3, AF4, 
F3, Fz, F4
Fz, Cz, Pz
Laterality Sites: 
C4, P4, TP8 (Right) 
C3, P3. TP7 (Left)
Component
Latency
MMN: 80-130ms 
P3a: 150-290ms
N2: 120-170ms 
P3a: 190-270ms 
P3b: 250-380ms
N400: -160ms to -80ms 
(pre-response)
N400: 300-700ms 
P300: 280-500ms
Relation to 
Neurocognitive 
Function
Pre-attentive Auditory 
Discrimination
Response Inhibition Semantic
Comprehension/Expectancy
Receptive Language
Epoch -50 pre-stimulus to 500ms post­
stimulus
-100 pre-stimulus to 1100ms 
post-stimulus
-600ms to -300ms
pre-response
-100 pre-stimulus to 1200ms post­
stimulus
Correlations Global Functioning, Speed of 
Processing, Working Memory, 
Sustained Attention
Sustained Attention/lmpulsivity None None
Main Group 
Differences
(Controls
Vs.
At-Risk)
Reduced MMN amplitude at 
Fp1, Fpz, Fp2, &Tp10.
Normal P3a.
Delayed P3a latency at FC4. 
Normal N2 & P3b.
Prolonged N400 latency at 
AF3.
Reduced accuracy on Difficult 
sets.
Reduced P3b at Fz. 
Normal N400.
Conclusions Deficient processing of auditory 
information
Slowed inhibition of pre-potent 
responses
Slowed integration of 
semantic information into the 
overall context
Receptive vocabulary deficits. 
Reduced semantic 
comprehension
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